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1 Introduction

The Port Quendall development project is a proposed development of several
former industrial properties located on the shore of Lake Washington at the
mouth of the May Creek drainage. The locations of the properties are shown in
Figure 1-1 and include the Baxter North and South Parcels, Quendall Terminals,

Barbee Mills, and Pan Abode.

This report presents the modeling effort performed to support the:P8rt Quendall
Feasibility Study (FS)(RETEC, 1997c). This effort consistéd offievelopment of
two primary models for the site: 1) a three- dlmen51onal§~rl cal groundwater
flow model with particle tracking; and 2) an analytical fatgzang ansport model.
These models were developed to evaluate the effectiveness of various remedlal
alternatives considered for the project. These remedial alternatw
various configurations of containment walls, an aeration system, source’ fémoval
and groundwater extraction associated with contammated groundwater

containment. c

The three-dimensional hydraulic model:was.developed#&ievaluate groundwater
flow conditions (the effect of various.simulated: remedlal*alternatwes) Estimates
of groundwater flow rates and particle trackmg resultswobtained from the three-
dimensional mode] were used as input to the fate and transport model. The fate
and transport model was dised to ‘provide>estimates of assumed point of
compliance (APOC) and¥assumed point ¥ of exposure (APOE) chemical
concentrations as a function of the'remedial alternatives evaluated.

1.1 Modeling Objectives
The groundwater modeling serves to evaluate the remedial alternatives. The level
of detail in the:model and.the modeling effort are limited to the level of analysis
sufficient to achieve this purpose.

The groundwater model was developed according to existing site conditions.
Once the model was calibrated to average and existing water levels, it was used
to predict the remedial benefit of the various alternatives presented in Table 1-1
The remedial alternatives were evaluated in terms of groundwater travel time from
the defined source areas to the APOE (point of groundwater discharge to Lake
Washington), pumping rates required for groundwater capture and resulting flow
patterns. The model was also used to predict dewatering rates required for source
removal.
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Port Quendall Groundwater Modeling and Analysis of Alternatives

Table 1-1 Remedial Alternatives Modeled

Three Flow Barrier Locations
» Upland wall (along existing shoreline)
» Nearshore fill area (0.5 acre)
» Nearshore confined disposal facility
(CDF) fill area (2.9 acre)

Two Wall Depths
» 30ft
» 50 ft

'.v. AN

Aeration (biosparging)

Natural Attenuation SN
Source Removal Sl e
Groundwater Extraction

» Hydraulic Containment
> Dewatenng for Excavatlon

1.2 Port Quendall Modeling ‘Backg‘ré’Und
Site data are of a sufficient quantity and quality to justify a three-dimensional
modeling approach. The conceptual sitevmodel is based on extensive site
investigations by Remediation Technologies, Inc. (RETEC), Hart Crowser (1996),
and Woodward-Clyde Consultants (1990).  The site hydrogeological
interpretation has.been:extrapolated from site boundaries to model boundaries
using additional sources of information including Department of Transportation
(DOT) bonngs, local well'logs, and published regional geological interpretations.
The extrapolauorLof the model domain beyond the site domain is necessary to
minimize the’ %mdary effects on the various alternatives being modeled. Water
level data have been compiled and analyzed to characterize the seasonal variations
and provide coverage for the entire model area.

Hart Crowser (1996) completed a draft remedial investigation for the Quendall
Terminals property that includes a two-dimensional flowpath model. The
objective of this work was to simulate the groundwater system, estimate the depth
of vertical flow components, and estimate the distance from the shore that the
lake environment might be affected by contaminated groundwater discharge.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Port Quendall Groundwater Modeling and Analysis of Alternatives

Woodward-Clyde Consultants’ remedial investigation of the Baxter property
(1990) did not include a groundwater modeling effort. However, some hydraulic

testing was conducted.

RETEC developed a three-dimensional numerical groundwater flow model and an
analytical fate and transport model for the Port Quendall Company. These
models can beé used to predict the effect of the remedial alternatives on
groundwater flow patterns and contaminant transport.  Specific issues
investigated include: the feasibility of installing an aeration treatment system, the
depth and horizontal alignment of a proposed containment wall, theseffectiveness
of source removal, the pumping rates associated with a backup pump-and-treat
system, and chemical fate and transport under pre=: *and"’ post -remediation

conditions. o

The modeling effort presented herein is based on the scope of work:documented
in several memoranda and correspondences. A:preliminary modeling memo was
submitted to Ecology in April 1997. The memorandum, Ecology comments
(Ecology, 1997) and the subsequent response to:Ecology comments (RETEC,
1997b) are provided in Appendix A9 and comprisé:thescope of work.

1.3 Disclaimer

As described in the FS state-led regulatory actions.are in progress at the Baxter
and Quendall sites. The Port Quendall Company due diligence work and FS are

separate from those state-led actions.

Any work or work produet addressed in this document or cross-referenced herein
and performed or to be performed by Port Quendall Company in the identified
Port Quendall project area has or will be undertaken only for purposes of
determining the: feasibility of the Port Quendall redevelopment project. The
groundwater model’ was used to evaluate cleanup technologies under
consideration for the Port Quendall redevelopment project. The modeling
assumptions.are based on the technologies as evaluated in the FS. The modeling
assumptions‘used:in- this document are conservative and consistent with the
objectives of the Port- Quendall Company and the approach presented in the FS.
This analysis may not be applicable for other approaches to site cleanup or to

developments with different land use plans.

Port Quendall Company and RETEC are submitting this document with the
understanding that no independent liabilities shall be assumed by Port Quendall
Company under MTCA or any comparable federal or state environmental laws
should Port Quendall Company elect not to complete purchase of the four
subject properties.
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Hydrogeologic Conceptual Model

2.1 Geologic and Hydrogeologic Setting

The Port Quendall development site is located on the east shore of Lake
Washington. An unnamed bluff rises to the east of the site and the Kennydale
Bluff rises to the south. May Creek flows across the site, discharging to Lake
Washington. Through time, May Creek’s alignment has changed and its flow has
decreased significantly. Three layers of geologic significance are found below the
site; a layer of recent fill, a layer of sediments from both Lake Washington and
May Creek, and a layer of older alluvial deposits associated with the May Creek
watershed. Figures 2-1 and 2-2 illustrate the geologlcal make- “up of the site.

The layer of fill that covers the entire site is compnsed of woo'd;' silt, sand and
gravel, extends approximately 5 ft below ground surface (bgs), and-is:associated
with the industrial use of the property. The recent sediments associated with
Lake Washington and May Creek are located 5-30ft bgs. The layer is both
vertically and horizontally heterogeneous due to sediment deposition from the
lake and the changing alignments of May Creek. The layer-is comprised of silty
sands considered to be largely saturated. This layer is described as the silty peat
zone. Environmental investigations-indicate that most of the contaminant source

areas are located within the silty’peat zone.

The layer of old alluvial depesits associated with the May Creek drainage extend
from the toe of the two bluffs north'and west into Lake Washington. The sandy
alluvial deposits extend from 30 to7110 ft bgs. This layer is described as the sand
zone.. Two recent geotechnical borings found a flowing artesian condition existing
at a depth of 120 ft bgs. This is likely indicative of a deeper regional flow pattern
that does not impact the local flow condition. By definition, the site
hydrogeology is isolated from this artesian condition. This isolation is further
supported ‘when considering-that no other wells indicate an upward gradient.
Figures 2-3 and 2-4 present the top and bottom of sand elevations in feet above

mean sea level.

2.2 Hydraulic Parameters

2.2.1 Hydraulic Conductivity

Hydrogeologic investigations of the silty peat zone have resulted in hydraulic
conductivity estimates ranging from 0.4 to 31.2 feet per day (ft/day). The average
conductivity estimate for the silty peat zone is 8.2 ft/day. The heterogeneity

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Port Quendall Groundwater Modeling and Analysis of Alternatives

of the silty peat layer is reflected in the large range of the estimated values. The
lower estimates are associated with silt and clay lenses, whereas the higher values
are associated with sand lenses. Six wells are screened over both the silty peat
layer and a saturated portion of the fill zone; the conductivity estimates from
these wells were analyzed as part of the silty peat zone. Table 2-1 is a summary
of the available hydraulic conductivity estimates.

Two slug tests were completed in the sand layer and provide an estimated
hydraulic conductivity of 5.7 ft/day and 56.7 ft/day.

2.2.2 Effective Porosity

Previous investigations have estimated the silty.peat layer.porosity between 0.28
and 0.32 (unitless) at the Baxter Property (Woodward Clyd *Gonsultants, 1990)
and 0.3 at the Quendall Terminals (Hart Crowser, 1996). Based on: site data the
effective porosity of the sand layer is estxmated between 0.20 and 0:25 at both

properties for modeling purposes.

2.3 Water Levels

Groundwater levels are relatively stable with seasonal variations of less than 2 feet
in the sand zone and less than 3 feet'in theisilty peat fayer. The groundwater
level fluctuation in the sand zone appears to-besdominated by the water level in
Lake Washington, which is controlled to a consisteritannual cycle by the Army
Corps of Engineers. The water level fluctuationiin the silty peat zone appears to
be affected by both the seasonal precipitation trends and the controlled lake
levels. The average shallow and deep water:elevations are illustrated in Figures
2-5 and 2-6, respectively. Site groundwater and lake levels from recent and
historical investigations are provided in Table 2-2. The data presented were
compiled from past reports (Hart Crowser, 1996; Geo Consultants, 1992;
Woodward-Clyde, 1990; GH,M Hill, 1978) and RETEC groundwater sampling.

2.4 Conceptual Model

2.4.1 Model Area

The model area is characterized as the entire May Creek alluvial fan extending
from the mouth of the May Creek Valley into Lake Washington bounded by the
two bluffs to the south and east. Figure 2-7 illustrates the groundwater model
area and includes ground surface and bathymetric elevation contours for
reference. This corresponds to a model domain of approximately 4,900 ft by

6,200 ft.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Table 2-1 Hydraulic Conductivity Estimates Based on Pumping Test and Slug Tests
Hydraulic Depth bgs o
Conductivity Screen Geologic Unit as Assigned
Test Location ft/day Type of Test Interval Type of Soil in Screened Interval by RETEC Source
~ BAX-1A 2.1 slug test 5t0 20 silty sand Fill and Silty Peat Zone HC
BAX-5 0.6 slug test 8to 18 silty sand and sand Fill and Silty Peat Zone HC
BAX-8A 15 slug test 10 to 20 sand Silty Peat Zone HC
BAX-9 31.2 pumping test 5to 15 silty sand with silty and clay layer Fill and Silty Peat Zone WCC
BAX-10 1.5 slug test 10 to 20 sand and silty sand Silty Peat Zone HC
BH-10 34 pumping test 5t0 20 silty sand with layer of clayey silt Fill and Silty Peat Zone wCC
BH-15 4.8 pumping Lest 5t020 silty sand Fill and Silty Peat Zone WCC
BH-18A 0.6 slug test 4to 14 silt Fill and Silty Peat Zone WCC
BH-2A 1.1 pumping test 71020 silty sand with peat interbeds Silty Peat Zone wCC
BH-6 8.8 pumping test 8to 18 silty sand and silty clay with peat Silty Peat Zone wCC
BH-8 0.4 pumping test 13t0 23 silty clay with layer of silty sand Silty Peat Zone wcCC
BH-19 15.6 pumping test 5tol5 sand with layer of silt Silty Peat Zone WCC
BH-25A 6.8 pumping test 9to 19 sand and silty sand with layer of silt Silty Peat Zone WCC
BH-12 2.2 slug test 13 t0 23 sandy/clayey silt and very silty sand Silty Peat Zone wCC
BH-17A 0.2 slug Lest 6to 16 sand to very silty sand with layer of silt Silty Peat Zone WCC
BH-19 17.0 slug test 5to 15 sand with layer of silt Silty Peat Zone wCC
BH-20A 17.0 slug test 7 to 22 interbedded layer of silts Silty Peat Zone WCC
BH-23 0.2 stug test 7 to 22 silt with small layer of sand Silty Peat Zone WCC
WP-1 23.0 slug test 2 to 3(1) sand Silty Peat Zone WCC
WP-4 0.5 slug test 210 3(1) silt Silty Peat Zone WCC
WP-5 20.1 slug test 2 to 3(1) sand Silty Peat Zone WCC
BH18B 56.7 slug test 42 to 52 sandy gravel Sand Zone WCC
BH-21B 5.7 slug test 42 to 52 gravelly f-m sand Sand Zone WCC
Notes:

1. Feet below mudline at offshore temporary well points.
HC = Draft Remedial Investigation, Quendall Terminal Uplands , Table 3-2, Hart Crowser Report, October 1, 1996
WCC = Remedial Investigation Report, J.H. Baxter, Renton, Washington Site , Vol 1, Woodward Clyde Consultants, October 1996

Feasibility Study Alternatives Analysis
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Table 2-2 Water Level Data

Port Quendall Modeling Iffort and Analysis of Alternatives

»
eo- 3 g Y & o 3 S # (Y Q\ (N 9 ) 90: & 5 3‘: 9° 9P g, f f & o Q '3
& S G R S A S SESE S S SE S S S E & s
< b £ >/ 4 § < ¥ ¥ ¥ by ¥ ¥ )
ke ACE 132) 133] 147] 15.1{ 13.8] 13.4] 132] 139} 147{ 15.1] 151 14.6] 143] 139| 13.4] 132] 132] 14.2] 14.8] 14.8] 15.1 Lake ACE | 15.1 | 132 ] 141| 07 | 21 Corps of Engincers database
B-16 169 ] 17.2 B-16 1727169 [ 171} 02 2 |CH,M Hill, 1978 Baxter
B-17 240 | 242 B-17 2421 240] 241 | o1 2 |CH,M Hill, 1978 Baxter
B-18 196 [ 191 B-18 196 191 | 194 | 0&2 | 2 [CH,MHm,19/8 Baxter
B-19 186 | 193 B-19 1931186 190 05 2 [CHsM Hill, 1978 Baxter
B8-20 1481 147 B-20 1487] 147 | 148 ] o1 2 |CHM Hil, 1978 Baxter
B-21 147 | 153 321 153 ] 147 | 150 04 | 2 [CHoM I, 1978 Bater
(%)) 170 | 173 B-22 1737170172 o2 3 |CH,M Hill, 1978 Baxter
B-24 15.0 | 147 B-24 1S1 11471149 03 2 [CH M Hill, 1978 Quendall
B-25 188 | 187 B-25 188 187 | 188 | 0.1 2 |CH;MHIIL 1978 Quendall
B-26 16.1 { 159 B-26 161 159} 1601 O.1 2 ICH,M Hill, 1978 Barbec Mills
B-27 192 | 19.2 B-27 1921192} 192} 00 2 |CH,MHill, 1978 Barbee Mills
B-28 151 | 159 B-28 1591 151 ) 155} 06 2 |CH M Hill, 1978 Barbee Mills
B-29 139 | 138 B-29 139 138 | 139 ] 0.1 2 |CH,M Hill, 1978 Barbee Mills
B-31 153 | 160 B-31 160 153 ] 157 ] 05 2 JCH,M Hill, 1978 Barbee Milis
B-32 14.6 | 143 B-32 146 1431145} 02 2  |CH;M Hill, 1978 Barbee Mills
B-1 22.8 B-1 228 ] 228 | 228 | NA 1 |Hart Crowser, 1985 Pan Abode
B-3 22.8 B-3 228 228 | 228} NA 1 }Han Crowser, 19835 Pan Abode
BAX-1 16.8} 16.6]) 17.3] 17.1 16.2 167) 17.2y 172 BAX-1 173 162 | 169 0.4 8 Hart Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Baxter
BAX-10 17.1] 17.0{ 183] 185| 17.2| 17.2] 17.3] 17.9 BAX-10 185|170} 176 | 0.6 8 |Han Crowser, 1985 & 1996; Woodward Clyde , 1990 & 1996 Baxter
BAX-11 16.8) 16.6| 17.5] 17.4] 16.1| 17.0] 167] 17.2 BAX-11 1751 161 | 169 | 04 8 |Han Crowser, 1985 & 1996; Woodward Clvde, 1990 & 1996 Baxter
BAX-1A 167] 16.6] 17.5] 1731 163] 16.6f 17.1] 17.3 BAX-1A 175 163|165 04 8 |Han Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Baxter
BAX-5 14.2] 12.2] i54] 158] 14.3] 15.1] 144] 148 BAX-S 158 142 | 138§ 06 8 |Han Crowser, 1985 & 1996, Woodward Clvde , 1990 & 1996 Baxter
BAX-6 13.7] 13.6] 149] 152 14.0] 13.8] 13.6] 1a.3 BAX-6 152 | 136 1a.1] 06 8 |Hart Crowser, 1985 & 1996; Woodward Clyde , 1990 & 1996 Baxter
BAX-7A 247 245{ 257) 25.| 23.1| 23.7] 250| 251 BAX-7A 257 | 231 | 246 | 08 8 [Hart Crowser, 1985 & 1996; Woodward Clvde, 1990 & 1996 Baxter
BAX-8A 154] 15.3] 162] 16.6] 15.4] 153| 155 159 BAX-BA 166 | 153 | 15.7 ] 05 8 |Hart Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Baxter
BAX-9 17.0] 16.6| 173| 17.5] 165| 16.7] 1701 169] 17.7{ 17.6 167 16.2 17.4] 17.6 17.5] 179] 17.6 BAX-9 17.9{ 162 (172 05 17 _|Hart Crowser , 1985 & 1996; Woodward Clvde , 1990 & 1996 Baxter
BH-12 190] 18.6] 189 155] 17.6] 195] 194 18.0 BH-12 195 ) 155 | 183 ] 1.3 8 [Hart Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH-17A 195 20.1{ 212} 200| 190] 192] 205| 207 205 19.0 18.9 21.6[ 21.0 20.3] 20.6] 202 BH-17A 216 | 185 [ 201 { 0.8 | 16 {Har Crowser, 1985 & 1996; Woodward Civde , 1990 & 1996 Quendall
BH-17B 17.9] 17.6] 188| 19.0] t75] 17.4] 17.8] 18.1 15.1 17.8 18.0] 179 18.6] 19.0] 18.8 BH-17B 190] 174 | 181 05 15 |Hart Crowser, 1985 & 1996, Woodward Clvde , 1990 & 1996 Quendall
BH-18A 169] 159] 162] 162] 148 160f 160] 16.5{ 14.6] 164 15.2 16.0 173] 17.4 17.2] 17.5] 16.1 BH-18A 17.5 ] 146 | 162 | 0.8 | 17 |Han Crowser, 1985 & 1996; Woodward Clyde , 1990 & 1996 Quendall
BH-18B 16.4] 162| 17.5] 17.7| 164] 162] 16.4] 169 17.0 16.7 16.6] 16.6 17.4] 17.8] 17.7 BH-18B 178 ] 162 | 169 | 0.6 | 15 [Han Crowser, 1985 & 1996; Woodward Civde , 1990 & 1996 Quendall
BH-19 14.8] 143| 15.4] 15.6] 143 14.6] 14.4] 150 155] 157 11.9 14.7 152 15.1 15.3] 158 15.7 BH-19 158 ] 143 | 15.1 | 05 17 _|[Hart Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH-20A* 14.8] 147] 159 162| 15.0{ 148 14.8] 15.0 16.2 3.5 5.1 53] 15.1 15.7] 163] 16.2 BH-20A* | 163 | 147 | 154 | 0.6 | 16 |Han Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH-20B 162] 160] 17.2| 17.4| 162] 160] 162] 167 16.8 16.5 163 163 17.1| 17.6] 175 BH-20B 17.6 | 160 | 167 | 0.6 | 15 |Hart Crowser, 1985 & 1996, Woodward Clvde , 1990 & 1596 Quendall
BH21A* 14.1 156} 12.1] 14.1] 14.1 3.0 14.6 145] 146 153} 15.8] 157 BH2IA® | 158 121 | 146 | 1.0 | 12 |Hart Crowser, 1985 & 1996; Woodward Civde , 1990 & 1996 Quendall
BH-21B 15.7] 15.6] 168] 17.1| 158 15.61 15.7] 163 16.4 16.1 159] 159 16.7] 172] 17.1 BH-21B 172 [ 156 | 163 | 0.6 | 15 |Har Crowser, 1985 & 1996, Woodward Civde , 1990 & 1996 Quendall
BH-22 20.4 210| 199{ 183 19.1] 204| 207 19.9 BH-22 210 183 | 200 09 8 [Hart Crowser, 1985 & 1996, Woodward Clvde , 1090 & 1996 Quendall
BH-23* 18.6] 17.4 245| 16.4| 17.1] 17.6] 190 187 163 6.1 189 18.7 18.0] 185] 18.0 BH-23* 245 [ 161 | 182 | 2.0 | 15 |Han Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH24 165 136 15.6 167| 167 165] 168 16.4 BH-24 1681156 | 163 | 05 8 |Hart Crowser, 1985 & 1996, Woodward Clyde , 1990 & 1996 Quendall
BH-25A" 19.1 185 17 17.4 189] 189 188] 19.0] 189 BH25A* | 191 | 174 | 186 | 06 9 |Hart Crowser, 1985 & 1996; Woodward Civde , 1990 & 1996 Quendall
BH-25B a 179] 172 17.0 17.0] 169 177] 18.1| 180 BH-258 161 160 | 174 05 8 |Hart Crowser , 1985 & 1996, Woodward Clvde . 1990 & 1696 Quendall
BH-26A 178 170 172 185] 186 180| 184] 17.8 BH-26A 189 ] 170 | 180 07 8 |Hart Crowser, 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH-26B 174 168 165 16.4] 164 17.1] 17.6] 174 BH-26B 176 | 164 | 169 05 8 |Hart Crowser, 1985 & 1996, Woodward Clvde , 1990 & 1996 Quendall
BH-27 156 1.9 76 20.7 89 193 BH-27 207 | 17.6 | 189 ] 1.1 | 6 [Han Crowser. 1985 & 1996, Woodward Clvde . 1690 & 1996 Quendall
BH-28 1 160 5.8 17.2] 169 181 17.0 BH-28 181 [ 158 | 168 ] 09 6 |Hart Crowser, 1985 & 1996, Woodward Clvde . 1990 & 1996 Quendall
BH-5* T - B 203] 205 B 150 15.3 167 i6.6 To4] 168] 160 BH-3* 205 [ 153 117270 19 9 [Han Crowser , 1985 & 1996; Woodward Clvde , 1990 & 1996 Quendall
BH-5A° ! i (3.6 145 146 160 56 197] 198 192{ 19.2] 185 BH-5A 158 | 145 | 172 23 10 |Hart Crowser , 1985 & 1996, Woodward Clvde . 1990 & 1996 Duendall
GB-1 I [ 7972 GB-1 2927 292 ] 292 | NA I 1Geo Consultants, 1992 Pan Abode
GB2 | 227 GB2 227 | 227 | 227 | NA i |Geo Consultants, 1993 Pan Abode
HCB-1 250 i i HCB-1 2501 250 | 25.0 NA i Geo Consultants, 1997 Pan Abode
NBMW. 1 B ] 1 ] 216 INBMW-I T 21.6 [ 216 | 21.6 | NA [ 4R£TEC GW Sampling Log - JFG T T Baxter
NBMW-2 T 1 | 799 |NBMW-2 | 299 ) 269 | 299 | NA I |RETEC GW Sampling Log - JIG Baster
PAMW-1 1 ﬁb ! ] 283 |PAMW-1 | 283 | 283 | 283 1 ~NA I [RETEC GW Sampling Log - JFG Pan Abode
PANMW 2 - 7 | ; H 1 30.3 JPAMW-2 7 3031303 1 303 ] NA | 1| |RETEC GW Sampling Log - JFG 7 Pan Abode
$C- T ﬁ ] To0f | 163 193] 193 1s0[ 183] 180 SG-1 193 | 160 | 179 ] 13 | 7 |Hart Crowser and Woodward Clvde Rpis
SG-2 1 1 1451 Y 132} 134 147} 152 152 SG-2 152 1132 ] 143} 08 7 1Hant Crowser ana Woodward Clvde Rpts
SG-3 T 1 DR\'I ‘7 19.7 21.01 209 21.6] 207} 204 SG-3 216} 197 | 207 0.6 6 Hart Crowser and Woodward Clvde Rpts

1. TOC Flevation - Top of casing elaving in feet above mean sea level

q

2. Elevation estimated from other measurements.
"~ - Well not found as of date indicated.

* - Indicates product has been observed in well.

Feasibility Study Alternatives Analysis
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2.4.2 Model Grid and Layers

The model domain was represented by a 4,900 ft by 6,240 ft model grid, with 60-
foot spacing. A finer discretization of 30-foot grid spacing was used in select
portions of the site to facilitate the simulation of potential remedial alternatives.
The refined grid allows better simulation of the alternatives as well as increased
groundwater flow resolution in these critical areas. Figure 2-8 illustrates the

model grid.

Six layers were used to represent the hydrogeologic features of the mgdel area and
to assist in the modeling of remedial alternatives. The upgeﬁ 1-foot high
conductivity layer was used to model the boundary : cordition of the Lake
Washington water level over the respective portion ofith del The second
layer represented the silty peat zone. Figure 2:9 111ustrat;s nemodeled thickness
of the silty peat layer. Layers three to six were used to m‘odel tﬁ? wzone. The
sand zone was subdivided into the three layers to Allow evalu on-ofvarious
depths for the containment wall conﬁgurau‘ons% Figure 2-10 illustrates the
thickness of the modeled sand layer. S

2.4.3 Boundary Conditions

Lake Washington is considered a co

; ‘ iven that the lake level
is both stable and independent of site aéi”iwt

The location of the upland flow boundary is spemﬁc to each layer. The shallow
silty peat layer extends. t:gﬁthe toesof the bluffs east of Interstate 405 where
shallow silty clays are enc {intered? It is anticipated that the silt and clay unit
contributes little to groﬁndwatcx” flow and is therefore modeled as a no-flow
boundary. The gand layers of ‘theamedel are considered to be hydraulically
connected to asregional aquifer ‘béd€ath the toe of the bluffs. This regional
aquifer is considered to be unaffected by site pumping activity and therefore a
constant. hgad boundarwfvsall be used for the east and south boundaries of the

model.

2.4.4 Model Calibration
At the request of the Washington State Department of Ecology (Ecology), the

model was calibrated to three sets of water levels: average water levels and two
seasonal data sets. Water levels for the months of August 1995 and January 1996
were used to represent dry and wet season water levels, respectively.

Draft - for discussion purposes only. Do nat release without written approval from the Port Quendall Company.
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2.5

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.

The model was first calibrated to the January 1996 water levels by modifying the
vertical and horizontal conductivity, recharge rate, and upland boundary
conditions. The model was then calibrated using the August 1995 and average
water levels by changing only the lake levels and the recharge rate. Calibration
documentation is included in Appendix A10.

Discussion of Calibrated Model

The model parameters provided in Table 2-3 are used in the simulation of the
remedial alternatives.

elffor several wells
_This could be

When comparing the model output to the average wa
upgradient of the site, the model predicted lewer watét (o
indicative of a localized perched water condition or lowwhy’ raulic:conductivity
in the eastern portion of the model area. Recahb,cﬁﬁng e ",“del without
changing boundary conditions to better represent t these few wells'would result in
predictions of lower site hydraulic conducmn” #and therefore result in a less

conservative model.

Hydrogeologic Conceptual Model
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Table 2-3 Parameter Values for Calibrated Model
Measured Range Calibrated Values used in Previous
Calibration Parameter Range Modeled Value Modeling'" Units

Horizontal Hydraulic Eonductivity

Silt-peat layer 02to017 l1to4 3 0.3 and 15 feet/day

Lake sediments 0.5t023 8to 25 20 NA feet/day

Sand 6to 57 25t070 40 60 feet/day
Vertical Hydraulic Conductivity

Silt-peat layer NA 0.02 t0 0.21 0.06 0.03t0 0.15 feet/day

Lake sediments NA 0.02t0 0.15 0.06 NA feet/day

Sand NA 04to4 4 6 feet/day
Upland Boundary Condition NA 19 to 26 22.5 NA feet MSL
Recharge 0 to 40 2035 17, 22, 26 0 inches/year
Notes:

1. Hart Crowser, Inc., 1996. Draft Remedial Investigation, Quendall Terminals Upland, Renton, WA .
2. August, calibrated average, and January recharge rates, respectively. The modeling presented in Section 3 of this report
is based on the model calibrated to average water levels using 22" of rain per year.
NA - Not available or not applicable

Feasibility Study Alternatives Analysis




3.1

3.1.1

Hydrogeologic Analysis

This section discusses the use of the calibrated model (presented in Section 2.4.4)
to evaluate the containment wall alignments and configurations considered for the
Port Quendall project area. The performance of each containment wall was
evaluated by considering: pumping requirements for contaminated groundwater
capture, particle tracking predictions, and an analysis of the barrier wall impacts
on flow patterns. One remedial alternative, an aeration system, is not included
in the hydrogeologic analysis because it would not affect ﬂow patterns.

e
:‘fk

Description of the Containment Wallf

Containment walls of varying depths and horizontal ahgnments ere simulated
and their performance was compared to the;base case’scenario: The base case
scenario represents the present site condition modeled as the calibrated steady

state model with no external stresses such as: pumpmg

A floating funnel and gate system was mmally evaluz}ted-‘f"?‘* However, because it did
not provide adequate flow control, it was _removeds ;'on;;gﬁ.xrther analysis. The
different barrier wall conﬁguratlons that*were modeled ‘are:described below.

Containment Wall Dé’pth

Two wall depths were considered in the Port"Quendall FS. The shallow wall
depth was considered theminimum-depth required as a barrier against DNAPL
seeps; it was modeled as.a barrier extending:approximately 30 to 35 ft bgs. The
deeper wall was considered as a practical limit to containment wall construction;
it was modeled as a barrier that extended approximately 50 ft bgs.

3.1.2 Containment Wall Horizontal Alignment

Three horizontal wall alignments were considered, one along the existing shoreline
and,two along, the waterward edges of two fill areas as described in the Port
Quendall FS (RETEC, 1997c). The fill areas were modeled as additional silty fill
material, with hydrogeological properties identical to the upland silty peat zone.
The extent of the wall was limited to the former Quendall Terminals property

because this is:the primary area of observed DNAPL contamination.

3.1.3 Conductivity of the Containment Wall

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.

The proposed containment walls are 3 ft thick. To simulate this 3-foot wall
within the 30-foot cells of the modeling grid, the effective horizontal conductivity
was calculated using a harmonic mean. The harmonic mean was used to account

Hydrogeologic Analysis
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Port Quendall Groundwater Modeling and Analysis of Alternatives

for the dominance of the lower conductivity of the barrier wall despite its
relatively small thickness.

The effective horizontal conductivity was calculated for a barrier wall within both
the sand and silty fill units and no appreciable difference was noticed. Refer to
Appendix Al for the calculations of the representative conductivity. The vertical
conductivity for these cells would not be appreciably affected, as vertical flow
would occur relatively unimpeded, parallel to the wall (Freeze, 1979).

3.2 Procedures for the Hydrogeological Analysis

3.2.1 Capture Zone Analysis Procedures

Groundwater production wells can be used to capture c:ontarmnated groundwater
The extent of groundwater that will be captured by a well or set-of wells is
referred to as the capture zone. If a capture-zone-extends around- all potential
source areas, downgradient areas are protected Anithe event that a groundwater
point of exposure or point of compliance concentratiomis unacceptable, a system
of wells can be used to intercept the contammated“grauhdwater

To evaluate the containment wall- conﬁguratlons for capture zone analysis, a
consistent set of eight extraction wells-was:zused. - The containment wall
configurations can be evaluated in terms of theicumulative pumping extraction
rate that is required to prodiice a capture zone‘that protects Lake Washington.
The pumping rates associated with-each containment wall configuration can be
compared to the base case scenario to determine a relative remedial benefit.
Lower cumulative pumping rates usually result in less contaminated water to be
treated and require a smaller extraction system.

Preliminary modeling indicated that the most efficient well configuration places
the extraction-wells just-upgradient of the containment wall.

The*contafninated~groundwater plume used in the analysis was created bv
superimposing the plumes of five chemicals that exceed MTCA method B surface
water criteria. Benzene, chrysene, naphthalene, pentachlorophenol and
benzo(a)pyrene were selected based on their toxicity and distribution art the site.
These contaminants are used as representative constituents for modeling
purposes. There are additional COCs which exceed surface water criteria.

Optimization of the eight extraction wells was based on evaluating the minimum
pumping rate required to capture a set of particles placed around the perimeter
of the superimposed indicator constituent of concern (ICOC) plume. The

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company
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particles originated at a depth corresponding to the middle of the silty peat zone.
Figure 3-1 illustrates the wall alignment for the upland wall scenario, the typical
layout of the eight extraction wells, and the outline of the superimposed plume

of the ICOC:s.

3.2.2 Groundwater Travel Time Analysis Procedures

Groundwater travel times were evaluated from various source areas to the
shoreline (APOC) and the groundwater discharge to surface water point (APOE).
Particle travel times were evaluated using the particle tracking function of the
MODPATH subroutine of MODFLOW. MODPATH determines the path line
of a conservative tracer originating at a user defined sourdeiarea with respect to
time. A conservative tracer is a non-reactive partlcle that'-jtravéls unretarded with

the bulk groundwater flow. s

The effect containment wall configurations had on groundwater travel times from
known source areas on site to either the APOC or the APOE were evaluated. The
groundwater travel times associated with each:containment wall configuration
were compared to the base case scenario to détermmé;a‘relative remedial benefit.

3.2.3 Groundwater Flow Pattem*AnalysnsﬁProcedures

All of the containment wall conﬁgurzftxo STy nging walls as they are not keyed
into a confining layer. The contaminated groundwater will travel beneath these
hanging walls, but it is likely to converge to some restricted depth below the wall.

The dimensions of the zoné through which.the contaminated groundwater will
travel can be used to design an aeration system. Theoretically, a smaller zone of
converged contaminated groundwater flow is a remedial benefit, as it will require

a smaller zone ofaeration.

The zone:of convergence of contaminated groundwater can be characterized by
distributing a representative’ conservative tracer around the perimeter of the
superimposed plume of ICOCs and observing the predicted particle path lines
beneath the north, central and south segments of the containment wall. The zone
of convergence of contaminated flow is the area extending from the bottom of the
wall to the deepest path line below the wall. This zone is defined by the particles
originating at the upgradient side of the groundwater plume.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Port Quendall Groundwater Modeling and Analysis of Alternatives

3.3 Results of the Hydrogeological Analysis

3.3.1 Capture Zone Analysis Results

The cumulative pumping rates required for capture of particles located around the
perimeter of the superimposed groundwater plume are presented in detail in
Appendix A2 and summarized in Table 3-1. The pumping rates associated with
each alternative were compared to the base case pumping rate required for
capture. The base case is defined as the flow regime as it exists with no barrier
wall. Smaller cumulative pumping rates are a significant e mediyﬁ"beneﬁt given
the financial savings associated with smaller pump and trea@systeéms and smaller
volumes of contaminated water to treat. @

Table 3-1 Groundwater Extraction Rates
Contaminated Plume Capture -+~

FRET

Simulated Alternative Depth of
Wall (ft)
Base case NA
Upland Wall 30: ‘[ along shore
Upland Wall e 50 : 267 along shore
Nearshore e 30 37.7 along shore/fill
Nearshore 23.4 along shore/fill
35.1 along shore/fill
: % 50 19.5 along shore/fill

eper'Rearshore confined disposal facility (CDF) wall results
yifed?pumping rate of 19.5 gallons per minute (gpm), which is
13 percent of the base case pumping rate. The pumping rates were more sensitive

to wall depth, with the 50-foot walls significantly outperforming the 30-foot walls.

The nearshore walls marginally outperformed the upland walls.

The containment wall configurations tested resulted in cumulative pumping rates
that range from 13 to 30 percent of the base case.
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3.3.2 Groundwater Travel Time Analysis Results

A conservative tracer represents the flow of the water through porous media,
ignoring any retardation effects that the ICOCs would experience. While this
approach does not directly predict the travel times for the ICOCs, these travel
times can be evaluated on a relative basis. An alternative that results in longer
travels times to the APOE provides contaminants more time to attenuate. The
longer travel time is also indicative of a longer pathway; this can be confirmed
when reviewing the particle tracking output. Longer contaminant pathways result
in greater attenuation due to increased diffusion and dispersion. .z

»@C and APOE is
2. These travel
ayel time. For

The particle travel time from the four source areas to t
presented in detail in Appendix A3 and summarized ir#
times were compared to the base case to evaluate the increas
example, the upland shallow wall alternative‘results 1nm§pan1d
is roughly 200 percent longer (1,200 days compared’ to base caseof 600-days)
than the base case travel time for a particle that ongmates at the nearshore source

areas.

Table 3-2 Travel Times from Source t ¢ and APOE for

Farshore Areas: = Nearshore Areas

North Sump | Still House* | Quendall Pond| May Creek

Simulated it -
Alternative |/APOC |APOE | APOG#|APOE | APOC |APOE | APOC (APOE

(days) {(days) |(days) {(days)](days) {(days) |(days) |(days)
Base-case A« | 2120 |2740- [1740 |2400 |140 [600 |280 |[600
Upland‘wall - {1600 |2400 |1740 |2440 |200 |1280 600 [1200
|Upland wall s50¢ |1780 [2900 |1960 |3000 |700 |2040 €00 |1800
Neashore.. .| 30 [1600 |2420 |1760 [2480 |540 [1300 [600 1160
Nearshore 50 | 1800 |2820 1940 (2940 [920 [1680 |760 [1580

Nearshore CDF 30 11680 {2440 2160 {3000 |1120 [1640 |]530 1080

Nearshore CDF 50 1880 2800 [|2240 {3040 |1240 (2200 |900 1720

Notes: APOC - Assumed Point of Compliance
APOE - Assumed Point of Exposure
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The containment wall configurations tested result in travel times that range from
88 to 367 percent of the base case travel times to the APOE. Typically the travel
times increased, however the travel times of particles originating in one of four
source areas decreased when a wall was simulated. This was likely a result of
localized increased groundwater velocity associated with the walls.

3.3.3 Groundwater Flow Pattern Analysis Results

Modeling indicates that groundwater converges under the wall. As observed in
the particle tracking output, the contaminated flow that originates.at the east
portion of the site travels the farthest below the walls. ese pagtt cle pathways
delineate a vertical zone of convergence that could be ta

based on residence time and the horizontal lengEhﬁ
estimated to converge in a zone t_hat has greater

As part of the feasibility sfd}
These excavation zongs extend, below tffe water table and therefore an

approximation of the w‘mpmg ra‘cgs,req?mred to dewater these areas is required.

ine of M@DFLOW was used to determine the necessary
chieve a defined local water table elevation. This local
water table elevation wagiset as the elevation of the bottom of the excavation to
determine- the- requrred c a:iermg rate. The excavation dewatering pumping
rates-are estrmaﬁéd for th&Baxter Nearshore Process Area, Quendall Pond and
May Creek DNAPL source areas. These pumping rates are determined for two
scenarios: with and without a temporary flow barrier. Table 3-3 summarizes the

pumping rates.

The: zone budget:—:subr
pumping rate require

Appendix A7 presents the detailed results of the dewatering analysis. A
sensitivity analysis revealed that the relationship of the required dewatering rate
to the conductivity of the silty peat zone is roughly linear: an increase of 10
percent of the conductivity would result in a 10 percent greater dewatering

pumping rate.
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Port Quendall Groundwater Modeling and Analysis of Alternatives

Table 3-3 Dewatering Rates Required for Source Removal

Area to be Dewatered

Pumping Rate (GPM)

May Creek Nearshore

Without a With a Flow
Flow Barrier | Barrier
Baxter Nearshore Process Area | 40 26
Farshore Process Area 10 NA
North Sump Farshore 34
Quendall Pond Nearshore 82
Still House Farshore 25
67
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4Fate and Transport Modeling

4.1
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This section presents a general overview of the fate and transport modeling that
was performed to support the Port Quendall FS (RETEC, 1997c). The fate and
transport modeling described in this section investigated the model’s sensitivity
to the different parameters and the effect of the various proposed remedial
actions. These results were used to evaluate a more focused set of remedial
alternatives presented in the FS as discussed in Section 5 of this report.

Fate and Transport Overview

A fate and transport analysis was used to estimate-the sourceiconcentrations that
attenuate to MTCA Method B Surface Water:Criteria forvarious remedial action
scenarios. The fate and transport modeling was a gx:npllﬁed one:dimensional
representation of particles of benzene, naphthalene;. and chrysene that Omglnate
in two representative source areas. These-constituents were used as indicator
constituents for fate and transport modeling purposes (RETEC, 1997a). An
analytical contaminant transport model" based “on#ithe Domenico solution
(Domenico, 1987) is used to estimate the attenuauon of the indicator
constituents between the shoreline:(APOC) and thezrpomt of groundwater
discharge to surface water (APOE};* TheB®omenico sglition accounts for the
changes in contaminant concentration as+: groundwater flows from the source
areas to a APOC or a APOE.fFlgure 4-1 schemaﬂcally illustrates the fate and

transport modeling assum tmns

The fate and transport mbdeling‘EWas performed for three different degradation
rates. No degradation was also"modeled to conservatively simulate natural
atteriuation. The degradation ratesiwere based on treatability study results and

literature values.

The Domenico model “predicts the maximum centerline groundwater
concentrationdn a contaminant plume under steady-state conditions assuming:

» Uniform:and constant aquifer properties

« One-dimensional groundwater flow

« First-order contaminant decay, degradation, or transformation

» A constant contaminant source, rectangular in cross section, in the
plane perpendicular to groundwater flow

Fate and Transport Modeling
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Port Quendall Groundwater Modeling and Analysis of Alternatives

Several simplifying assumptions are necessary to simulate the three-dimensional
heterogeneous flow regime with the one-dimensional model. Particles originating
in the source areas will travel through three distinct zones: the silty peat zone, the
sand zone, and the lake sediment. Parameters were selected to conservatively
represent the hydrogeology of the heterogeneous site based on an assumed
average path line through the various hydrogeological units.

To evaluate the fate and transport of the three ICOCs, two potential remedial
cases were evaluated: the shallow upland wall and the shallow nearshore CDF
wall. These cases are unique in terms of the critical source area (the source area
that results in the shortest pathway to the APOE). For théshallow upland wall
alternative, the critical source area is the Quendall Pon shore Source Area

Creek Nearshore Source Area.

Within the groundwater flow regime, the mggelgaccounted for the effects of
advection, dispersion, sorption, and b10degraﬁat1on. For a given source area
concentration, the model predicts steady-state:plameiconcentrations at any point
in the downgradient flow system. The model preiff& ¢he maximum centerline
groundwater concentration in a dissolved.plume at %‘anradlent distance x
(i.e., the receptor location), based o pReHT ,«"t:twe ﬂow and three-
dimensional dispersion. Completesiriode
Ad.

4.2 Input Parameters

4.2.1 GroundwaterSource"“iTFe?rm

The: “‘modehng presented in this“section determines a source concentration that
will.xesult in an APOE concentration that is below the MTCA Method B Surface
Water Criferia. To calculate‘the concentration, the dimensions of this source are
required-asfinput. The Domenico solution represents the groundwater source as

a verticdl ‘Planes¥perpendicular to groundwater flow, that releases dissolved
constituents into groundwater passing through it. The source was assumed to be
infinite and constant with respect to time. The source was assumed to be located

at the APOC.

To provide perspective on the predicted groundwater concentrations at the APOC
which will attenuate below Method B surface water standards at the APOE, three
'souice concentrations are presented in Table 4-1 for each ICOC: the solubility
{imit, the product leachate concentration and the matrix leachate concentration.
These concentrations are determined as follows:

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Solubility Limit: The solubility limit represents the concentration of pure ICOC,
present in excess, that would dissolved into pure water at 20°C (American Society

for Testing and Materials (ASTM)).

Product Leachate Concentration: Free product was dissolved into groundwater
taken from the site and the saturated sample was then analyzed for the
concentration of a particular dissolved ICOC to determine the product leachate

concentration.

Matrix Leachate Concentration: Saturated soil samples were immersed in
groundwater and allowed to partition. The saturated grqundwater sample was
then analyzed for the concentration of a pamcular dissolved ICOC to determine

the matrix leachate concentration.

Table 4-1 Evaluation of Potéﬁtial -Source

Concentrations
Solubility Product ,Mat'rfi"_&Leachate Maximum
Limit Leachate i Shoreline
mg/L Concentration Concentration
mg/llL .. mg/L
Benzene 1750.0 . 165 1 WP4: 0.14
Chrysene 0.0060 Chrysene is C‘ﬁﬁ’:iiysene is WP2: 0.0002
undetectable in%:F undetectable in
_ﬁ lab studies lab studies
Naphthalene 32.90 * g2 2.6 WP3: 110

Note ssMethod B. Surfaoc Water Limit: MTCA Method B Surface Water Limits taken from the
CLARC II Database - February 1996. Washington Department of Ecology.

Solubility Lim;’t: This is the solubility limit of the ICOC at 20-25°C as published by ASTM

4.2.2 FIo*’w*and%Mlxlng”Parameters

The degree of contammant mixing predlcted by the model is a function of
dispersion coefficients, hydraulic conductivity, hydraulic flow gradient, and
effective soil porosity. Conservative default dlspersmty coefficients specified in
the model were used to evaluate dispersion. For purposes of fate and transport
modeling, representative hydraulic parameters were calculated by averaging the
calibrated values for the three zones (fill, sand and lake sediment). The
representative parameter values are calculated in Appendix A5 and are
summarized below.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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4.2.3

Draft -

Hydraulic Conductivity 17.2 ft/Day
Effective Porosity 0.25
Groundwater Gradient 0.0069 ft/ft

First-Order Decay Parameters
Under steady-state conditions, hydrolysis and biodegradation represent the
principal mechanisms of organic contaminant mass reduction during groundwater
plume transport. For the scenarios without an aeration system, no decay was
assumed and, therefore, the contaminant decay term in the model was set equal
to zero.

used in this evaluatlon The

value. Refer to Table 4-2 for three degradaﬁonf ]
sene given chrysene’s non-

treatability results for pyrene were substituted-f¢
detect results. This substitution is justified giv

benzene and naphthalene are presented : p' dix A5 e model runs become
more conservative as the degradation rate%ppré“ach zﬁo The basis for a non-

zero degradation rate is as follows: woo

Lab Rate * 0.1: Thls%u@s%one ox:der of magmtude lower than the aerobic
unamended (with nutrients) degmaatwn rates that were calculated in the Port

Quendall treatablhty Study ( RETJ?E@,RJ 997d)

(with nu enn&)z degradatlon rates that were calculated in the Port
tudy:(RETEC, 1997d).

Lowiifife;?ﬁffréﬁfﬁlue: This is the lower limit aerobic degradation rate
published in the YHandbook of Environmental Degradation Rates” (Howard, et
al, 1991).

The aeration scenarios were particularly conservative because degradation was
assumed to take place along the path length following the treatment zone.
Therefore, the scenarios did not account for the attenuation and dispersion that
wouild occur between the source and the treatment zone.

Jor discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Table 4-2 Degradation Rates Used in Fate and Transport Analysis

1/10 Lab Rate 1/100 Lab Rate Low Literature Value
Benzene 0.535 0.0535 0.043
Chrysene 0.0549 0.00549 0.0007
Naphthalene 0.516 0.0516 0.035

Notes:
--The benzene and naphthalene degradation lab rates are based on the column study as presented

in the treatability study (RETEC, 1997d).
--The chrysene lab rates are based on the pyrene aerobic resplrometry” tudy as presented in the
treatability study (RETEC, 1997d).
--The literature rates are taken from the Handbook of Enwronmental Degr

1991).

; n Rates (Howard,

4.2.4 Retardation Factors

The rate at which a plume moves may be reduced by constituent sorption to -
solids or organic matter in the subsurface. The retﬁrdafffi factor for each ICOC
was calculated using the chemical-specifie organic-cafboffpartition coefficient
(K..) and a fraction of organic carbon. (£; “)fequal to 0.225percent (Hart Crowser,
1996). Literature K values wereiused for the three ICOCs (Appendix AS).

4.2.5 Distance to Receptor

4.3

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.

Using the input parameters specified above, the model can back calculate the
allowable source concentration based on a given receptor distance and a target
concentration (e.g., cleanup criteria). The distance to the receptor (i.e., Lake
Washington) was-determined as:part of the particle tracking analysis performed
usirig.the MODPATH module of MODFLOW. Appendix A5 summarizes the
particle tracking results and provides the distances to the lake used in the model
for the shallow upland and nearshore CDF walls.

Results of the Fate and Transport Analysis

Appendix A6 presents the fate and transport simulation runs as a function of
degradation rate and source concentration. Results are expressed as
concentrations at the shoreline and the point of groundwater discharge to the
lake. Concentrations at these points were compared to MTCA Method B surface
water criteria for the indicator constituents.

Assuming a degradation rate of 10 percent of the rate determined in the lab
treatability study and source concentrations that exceed the solubility limit, all

Fate and Transport Modeling
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3 ICOCs would attenuate to APOE concentrations below the MTCA Method B
surface water standards. Naphthalene attenuates to target levels even under no

degradation.

Table 4-3 presents the maximum APOC concentrations that attenuate to APOE
concentrations below MTCA Method B surface water standards. The APOC
concentrations were determined for three degradation rates that represent an
active aeration system. To conservatively represent natural attenuation (no active
treatment or aeration), the fate and transport modeling was also performed
assuming no degradation. The maximum APOC concentrations c%n be used to
establish target remediation levels. The product ; d matnx leachate
concentrations are taken from the treatability study (RE:

leachate concentrations. The solubxhty lmut.ls=th
APOC concentration as it represents the. mammun"f
occur in a solution of pure compound and water:.j

dissolved contaminants are present.. The n
source areas near the shoreline are lesg Mhe preduct leachate value for

benzene, approximately the same as t ﬁ:’"bmgv limit for chrysene and
approximately the same as the product leachateivaltie for naphthalene.

' g 0 other competing
Fentrations found in

e e

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Table 4-3

Predicted Groundwater Concentrations at the APOC That Attenuate Below
Method B Surface Water Standards at the APOE

Quendall Pond Near May Creek Near
Shore Area Shore Area
Shallow Nearshore Wall Shallow Nearshore Wall
Degradation Maximum Permissible Maximum Permissible

Contaminant Rate POC Concentration POC Concentration
of Concern 1/day Justification mg/L mg/L

benzene 0.535 Lab rate *0.1 >S >S5

benzene 0.054 Lab rate * 0.01 71.35 >S5

benzene 0.043 Low Lit Value 26.06 >S

benzene 0.000 No Degredation 0.07 0.40

chrysene 0.0549 High Lit Value >8 >S

chrysene 0.0035 Average Lit Value 0.000140 0.00160

chrysene 0.0007 Low Lit Value 0.000056 0.00032

chrysene 0.0000 No Degredation 0.000050 0.00030
naphthalene 0.516 Lab rate * 0.1 >S >S
naphthalene 0.052 Lab rate * 0.01 >S5 >S
naphthalene 0.035 Low Lit Value >S >$
naphthalene 0.000 No Degredation 16.15 >S

Notes:
Degradation rates:

The lab degredation rates are taken from the Port Quendall treatability study (RETEC, 1997d). The benzene and naphthalene degredation rates

are taken from the column study. The Chrysene degredation rate is taken from the respirometry testing as chrysene was at an undetectable
concentration in the column tests.

Lab Rate *0.1:

This is one order of magnitude lower than the degradation rate that was calculated in the Port Quendall treatability study.

Lab Rate *0.01:

This is two orders of magnitude lower than the degradation rate that was calculated in the Port Quendall treatability study.
Low/Avglhigh Literature Value:

These are based on the aerobic degradation rates published in the Handbook of Environmental Degradation Rates (Howard, 1991).
Maximum Source Concentration:

The maximum source concentration that will not cause a violation of the MTCA Method B Surface Water Limit at the Point of Exposure
>5 indicates that the permissible source concentration is greater than the solubility limit of that particular contaminant.

Feasibility Study Alternatives Analysis
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5.1
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The Port Quendall FS (RETEC, 1997¢) evaluates a matrix of environmental
remedial technologies. Twelve remedial alternatives comprised of these various
technologies are presented in Section 6 of the FS. Four representative
alternatives were modeled to predict the APOC and APOE benzene and chrysene
concentrations. Naphthalene was determined to be an insignificant ICOC
(Section 4) and therefore, it was not evaluated.

Alternatives Evaluated

The following four alternatives were modeledt;@,

%%

outer edge of the fill unit.

This alternative does not include an%SOH treatment. The Quendall Pond and
May Creek Nearshore source areas odtlined in the RETEC FS are critical due to
their dimensions and theirproximity to the shoreline. The critical source area is
defined as the source area resultmg in the greatest APOC and APOE

concentrations.

Altemauve #7 AC2/BD1 This alternative assumes a 2.9 acre CDF will be
constructed as well as a 30-foot deep containment wall along the existing
shoreline and outer edge of the fill unit.

The'"’Quendall ﬁbnﬂ"hd May Creek Nearshore sources are removed. The critical
sources then become either the residual contaminants associated with the
nearshore excavations or the farshore sources associated with the old still house
and the north sump. All of the potential critical sources have been evaluated.

Alternative #10 - AC3/BD1 - This alternative assumes a 2.9 acre CDF is
constructed as well as a 30-foot deep containment wall along the existing
shoreline and outer edge of the fill unit.

Feasibility Study Alternatives Analysis
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All of the DNAPL sources are removed in this alternative. The critical sources are
the residual contamination associated with the nearshore source area excavations.
These source areas are critical due to their dimensions and their proximity to the

shoreline.

5.2 Input Parameters

5.2.1 Source Characterization

The sources were grouped according to their proximity
nearshore sources include the Quendall Pond and Ma‘
farshore sources include the still house and the ]
the source locations, areal extents, t}ucknesscs?

to the*shore. The
el sources. The

oval The concent’ratlons

selected have been evaluated and ]usuﬁed‘ﬂ segmparison to the existing site

concentrations.

: e areas are shown
n the trég;@» ility study (RETEC,

e l:aﬁonale for the source

selected to represent ] e sour
removal as descnb;éﬁ&ﬁ the FS{RE

5.2.2 Flow an ;‘w_,;M'?:ng Parameters

Refer to Section 4.2.2 for the flow and mixing parameters used in the fate and
transport modeling.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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Table 5-1 Indicator Contaminants of Concern: Rationale for Input
Source Concentrations

Nearshore DNAPL Source Farshore DNAPL Source
Pre-excavation Post-excavation Pre-excavation | Post-excavation
mg/L mg/L mg/L mg/L
Benzene 16.5 1.5 1.5 0.0005
Rationale Product leachate | Matrix leachate Matrix leachate |} Half of the
concentration & | concentration & concentration - detection limit
max nearshore max nearshore several orders of ;}of benzene
well is BH-5 @ well outside of g reported for
3.3 mg/L excavation r wells BH-22 and
footprint is BH- reported.;; .. H-27
18A @ 1.7 mg/L concentrations - .
in farshore area ..
Chrysene | 0.006 0.0005 0.0005
Rationale Solubility limit of | Half of the Half of the
chrysene and max | detection limit of detection limit
nearshore well is | chrysene as of chrysene as
BH-12 @ 0.004 | reported by ARI £ reported by ARI
mg/L @ 0.004T"mg/L

5.2.3 First-Order Decay Parameters

The first order decay rate is:used to represent contaminant degradation associated
with biosparging. ' '

Benzene degradation due to biosparging was simulated by a rate of 1/10 of the
aerobic decay rate determined in the column study (RETEC, 1997d). Chrysene
degradation due to biosparging was simulated by a rate of 1/10 of the aerobic
decay rate of pyrene determined in the column study (RETEC, 1997d). The
kinetics.of-pyrene have been substituted due to the inability to study chrysene
degradation:given its high detection limit. The substitution is justified when
considering the similar kinetics quoted in the literature, and the similar molecular
structure of chrysene and pyrene. The half lives and degradation rates of
benzene, chrysene and pyrene are presented in Appendix AS.

5.2.4 Retardation Factors

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.

Refer to section 4.2.4 for the retardation factors used in the model.
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Port Quendall Groundwater Modeling and Analysis of Alternatives

5.2.5 Distance from Source to APOC and APOE

5.3

Using the input parameters specified above, the model estimated the APOC and
APOE concentrations. The distance from the source areas to the APOC and
APOE were determined as part of the particle tracking analysis performed using
the MODPATH module of MODFLOW. The particle tracking results are
provided in Appendix A5.

Results of the Feasibility Study Alternatives

Analysis
The alternatives analysis fate and transport modelmg is presented in Appendix A8
and discussed below.

No Action N o \
If no remedial action is taken, the model predicts APOC and APOE

concentrations that exceed the MTCA Method B Surface Water Criteria for both
benzene and chrysene. The model predicts that the critical source is the Quendall
Pond nearshore source. This prediction is reasonable glven the dimensions of the
source and its proximity to the shoreline. L

Alternative #1 - ACO/BD1 .
The model predicts that Alternative #1 wﬂlumeet MTCA Method B Surface

Water Criteria for benzene and chrysene concentrations at the APOE and the
APOC if a 50 foot biosparging zone is modeled upgradient of the APOC. The
MTCA standard is not achieved at the APOC when the biosparging zone is
located downgradient.

The 2.9 acre CDF‘@ﬁll results in'a’ greater path length from the Quendall Pond
source to the APOC. For this reason, the model predicts May Creek as the
critical source despite its smaller dimensions. The CDF alignment could be
altered to prov1de a buffer zone for both the Quendall Pond source and the Mav
Creek source;rather than just the Quendall Pond source.

Alternative #7 - AC2/BD1

The model predicts that Alternative #7 will meet MTCA Method B Surface
Water Criteria for benzene and chrysene concentrations at the APOE but not the
APOC. The model predicts that the nearshore and farshore sources contribute
roughly equally (same order of magnitude) to the APOC concentrations. The
model could be interpreted as over predicting the impact of the farshore sources
when evaluating the existing contaminant distribution.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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54

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.

A sparging zone location upgradient of the APOC was not evaluated for this
alternative. The sparging zone of 50 ft, as modeled for Alternative #1, would be
more than adequate to result in an APOC concentration below MTCA Method
B Surface Water Criteria. This is apparent when considering the lower APOC
concentrations predicted as a result of source removal.

Alternative #10 - AC3/BD1
The model predicts that Alternative #10 will meet MTCA Method B Surface

Water Criteria for benzene and chrysene concentrations at the APOE but not the
APOC. The critical source for this alternative is the residual cox 3

May Creek.

Surface Water Criteria. This is apparent:
concentrations predicted as a result of sour

Discussion
The model predictions presented jggithi i ize the value of

The attenuation lengths of by vari ¢ deled in this section could be

evaluated to determine -of a biosparging system. The
attenuation length of a gk the distance from the source to the

O The longest attenuation
ging zone 50 ft in length located upgradient of the
flon of benzene and chrysene to below surface water
\ fe source removal reduces this plume attenuation
d thegefore an even smaller biosparging zone would be

ot igure 5-4 for a schematic of an extended biosparging zone.
It should be :d that this assumes there is no free product within the
biosparging zone. Table 5-2 lists the APOC and APOE benzene and chrysene
concentrationssassociated with the Quendall Pond source area that are predicted
for the various alternatives.

¥

Feasibility Study Alternatives Analysis
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REIEC

Table 5-2 Concentrations of Benzene and Chrysene at the APOC and APOE for the Various Alternatives
Location of Benzene POC Benzene POE | Chrysene POC | Chrysene POE
Biosparging Concentration | Concentration | Concentration | Concentration
Alternative Fill Wall Source Removal System (mg/L) (mg/L) (mgiL) (mg/L)
No Action None none none Not Applicable 1.53E+01 6.90E+00 5.57E-03 2.51E-03
Altemative #1 1, 5 4 e CDF| 30 foot wall none At APOC 3.54E+00 2.96E-19 1.29E-03 7 04E-09
ACO/BDI
Al tive #1 50 Feet
temative 2.9 Acre CDF| 30 foot wall none Upgradient of 1.78E-08 1.49E-27 2.47E-05 1.35E-10
ACO/BD]
APOC
:lé‘;‘/’:g;"’ #712.9 Acre CDF| 30 foot wall | Nearshore DNAPL| At APOC 3.22E-01 2.69E-20 1.07E-04 5.84E-10
Alternative #10
AC3/BDI 2.9 Acre CDF| 30 foot wall All DNAPL At APOC 3.22E-01 2.69E-20 1.07E-04 5.84E-10
Notes:

The APOC and APOE concentrations are presented for the Quendall Pond Source.
Refer to table 5-1 for the nearshore and farshore pre and post excavation concentrations.

FATEZ2 was used to model the contaminant transport from the source areas to the APOC and then from the APOC to the APOE. No degradation was assumed
from the source areas to the APOC. Biosparging was represented with a degradation rate equal to 1/10 of the aerobic degradation rate determined in the Lab

Treatability Study {[RETEC 1997]., applied from the APOC to the APOE. No degradation was assumed from the APOC to the APOE for the no action
scenario (no biosparging).

The MTCA Method B Surface Water Limit for benzene is 4.3 x10-2 mg/L.
The MTCA Method B Surface Water Limit for chrysene is 2.96 x10-5 mg/L

The Feasibility Study Alternatives are cross referenced to the alternatives presented in the Feasibility Study (RETEC, 1997) (e.g., ACO/BD1).

Feasibility Study Alternatives Analysis
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6Discussion

6.1

6.2

Containment Wall Horizontal Alignments

The preferred barrier wall alignment depends on the fate of the Quendall Pond
Nearshore source area. If the source area remains untreated, the outer wall
alignment significantly increases the travel time to the APOE, making the
nearshore CDF alignment the preferred alternative. However, if the Quendall
Pond Nearshore source area is treated, the increased particle travel time
associated with the nearshore wall alignments becomes insignificant.

The relative remedial value of the three wall alignments was evaluated by
studying the particle tracking travel times of-a conservative tracer from the four
source areas to the APOE and by comparing the pumping rates required for
capture of the contaminated groundwater plume.

The northern and southern portions of the wall alignment are identical for all
three scenarios. The travel times of particles originating in sources that are
directly upgradient of these portions of the wall do not change significantly when
the containment wall alignments are altered. However, the travel times of
particles originating in sources that are directly upgradient of the center portion
of the wall (i.e., Quendall Pond)-do increase significantly as the wall alignment
moves out into the lake.

Given the natural flow patterns that occur on the site (downward in the upland
portion of the site, relatively horizontal through the sand unit, and upward into
the lake), it is not surprising that§fifeflow barriers do not provide a consistently
signifieant extended-travel time®t@%the APOE. The flow barriers force a flow
pattern that mimics the naturally occurring tendency and, in fact, shortens the
travel times of particles originating in the farshore source areas due to the
tendency to flow more directly down and out of the silty fill unit into the more

conductive sand unit.

The installation of a barrier wall reduces the cumulative pumping rate required
to capture the contaminated groundwater plume by approximately 80 percent.

However, the pumping rate required for capture is not sensitive to the horizontal
alignment of the barrier wall.

Containment Wall Depths

Increasing the barrier wall depth into the sand aquifer significantly reduces the
pumping rate required for capture of the contaminated groundwater plume. For

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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all three alignments evaluated, the deeper wall results in significantly lower
pumping rates required for capture. Increased wall depths however, have a
limited effect on the travel times of impacted groundwater as it flows to the
APOE. Given that groundwater extraction is a backup technology, the additional
cost of construction of the deeper wall is not justified by its remedial benefit.

The relative remedial value of the two wall depths can be evaluated by studying
the particle tracking travel times of a conservative tracer from the four source
areas to the APOE and by comparing the pumping rates required for capture of
the contaminated groundwater plume. The increased travel time asséciated with
the deeper wall alignment is insignificant for most of the#artigles except those
that originate in the May Creek Nearshore and ;_the Que nd source areas.

Particles that originate in the May Creek and Quendall ‘Porid source areas have
a relatively short path to the APOE compired to the*base ca *‘scénanowThe
proposed flow barrier is immediately downgradient of these source areas. A
deeper wall would increase travel times for particlgs from these areas by causing
them to travel below the wall before moving up-andiout to the APOE. However,
the increased travel time is limited duefto thefflow pattern and the high
conductivity of the sand, and does not justify the ad itionakexpense of a deeper
wall. ‘

The pumping rates that are requn‘ed fogcontanurﬁggtcd groundwater capture can
be evaluated and compared;to the rate requxred«for capture of the base case
scenario. The shallow barrief wall reqmres a pumping rate equal to 27 percent of
the base case scenario. The*ﬂeepcmﬁamer wall requires a pumping rate equal to
15 percent of the base case scenarid:. It is ant1c1pated that the deeper wall inhibits
ﬂow from the condtz ive sand umt%» ow-Lake Washington, thereby requiring a

groundwater p’Ium’*and the dewatenng of several source removal areas.

By applying a s'aféty factor of 2 (doubling the predicted rates in order to be
conservative), RETEC estimates that capture of the contaminated groundwater
plume will require cumulative pumping rates of 290 gpm for the base case
scenario, 88 gpm for the shallow walls and 52 gpm for the deeper walls. The
cumulative pumping rates are not significantly affected by the barrier wall

alignment.

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.
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6.4

6.5

6.6

Draft - for discussion purposes only. Do not release without written approval from the Port Quendall Company.

The FS (RETEC, 1997c) assumes a treatment cost of $10 per 1,000 gallons of
contaminated water. This does not reflect the costs associated with dewatering

system installation.

Dewatering Source Areas

The model predicts that pumping rates of 10 to 32 gpm will be required for the
dewatering of the various source areas assuming that the nearshore source areas

will be excavated using flow barriers.

»

RETEC's FS assumes a treatment cost of $10 per 1,000 gglions of contaminated
water. This does not reflect the costs associated wrr dewate.rmg system

installation.

S

;;3..§c

Natural Attenuation

Natural attenuation was modeled assuming no biod%gradation The infeasibility
of natural attenuation is apparent when comparing- the predicted groundwater
concentrations at the APOC to the antlapated rroundwater concentrations
associated with existing source areas. ’

Aeration

Aeration is a feasible option for groundwater remediation. This was demonstrated
with fate and transport modeling usingrdegradation-rates conservatively based on
the lab treatability study-~and literature values. Aeration at the shoreline
consistently produced APOE concentrations below Method B surface water
criteria. Aeration could also treat-groundwater to target levels at a shoreline point
of compliance given:a sufficiently large biosparging zone and no free product
within a 45-foot zone.

ce:Removal .

reeovestliiBaetions are not necessary to achieve target levels at a point of
exposure Source removal actions can improve the effectiveness of a biosparging
system. Source removal actions may improve groundwater quality by an order of
magnitude at an assumed shoreline point of compliance over no source removal.
Nearshore DNAPL areas have more of an impact on groundwater quality than the

farshore areas.

Discussion
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Appendix Al  Hydraulic Conductivity Calculations

To represent the three-foot thick containment walls within the thirty-foot cells of the
groundwater model, an average hydraulic conductivity was calculated. Flow
perpendicular to layering is dominated by layers of low conductivity (containment wall)
and this is reflected by use of a harmonic mean for the calculations.

Appendix A2  Particle Tracking Output - Groundwater Capture
Analysis

Particle tracking was" performed using the MODPATH routine of MODFLOW.
MODPATH predicts the 3-dimensional, time-dependent trajectory of particles of
conservative non-reactive tracers that originate in specified source locations. Particles
were placed around the perimeter of an assumed dissolved groundwater plume footprint.
Eight recovery wells were simulated along the upgradient edge of the containment wall
and the pumping rates of the wells were adjusted such that all of the particles were

captured in the wells.

The pumping rates required for contaminated groundwater capture are presented in
tabular form.

VISUAL MODLFOW output illustrates the groundwater capture flow patterns, acpture
zones and individual well pumping rates required for capture.

Appendix A3  Particle Tracking - Source Areas

Particle tracking was performed using the MODPATH subroutine of MODFLOW.
MODPATH predicts the 3-dimensional, time-dependent trajectory of a particle of a
conservative non reactive tracer that originates in a specified source area. The source
areas are shown on a site. The horizontal and vertical projections of the three
dimensional pathline of the tracer are shown in the particle tracking output presented
in this appendix.

Six source areas are presented to represent the major source areas as defined by the

Feasibility Study [RETEC 1997].

The chevrons that are observed along the projected pathlines indicate 200 days of travel
time.

Particle tracking results are summarized in a tabular format that includes travel times
from the source areas to the assumed point of compliance (shoreline) and assumed point
of exposure (Lake Washington).



Appendix A7 Dewatering Analysis

The dewatering rates required for source removal are presented in this appendix along
with a sensitivity analysis of the dewatering rate to the horizontal conductivity.

The sensitivity analysis determines the sensitivity of the model’s dewatering predictions
to the input conductivity.

Appendix A8 Feasibility Study Alternatives Modeling Output

The fate and transport modeling presented in Section 5 of this report is based on the
model output included in this appendix. The modeling is intended to evaluate a specific
set of alternatives that are proposed in the Feasibility Study [RETEC 1997c]. This
modeling is also supported by Appendix A5, FATE2 Input Parameters.

The two part modeling presented here evaluates the fate of the ICOC'’s as they travel
from the source areas to the APOC and then from the APOC to the APOE. The
degradation rates for the two legs of this analysis can be assigned individually to
represent degradation associated with biosparging that is modeled downgradient of the
APOC.

The specific source characterization is presented here and includes the source dimensions
and pathlengths from the source to the APOC and from the APOC to the APOE.

Appendix A9 Preliminary Groundwater Memo, Ecology Comments
and Responses

The preliminary groundwater memo, Ecologies comments, and RETECs response are
included in this appendix. These documents compreise the scope of work for the Port
Quendall modeling effort.

Appendix A10 Model Calibration Documentation

Figures and tables associated with the groundwater model calibration are presented here.
The model was calibrated to three sets of water levels; average water levels, August 1995
and January 1996. The calibration statistics for these three calibration sets are provided.
The statistics are an indication of the ability of the model to predict the observed

conditions.
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‘Wall Conductivity Calculations



Conductivity with Wall
Determine hydraulic conductivity, K through the wall.
K parallel to layering is dominated by low K (even thin) layers.

Use weighted harmonic meant

thickness cell
» thickness layer
cond. layer

7
X-= 30 = 2798 x 10~
(27) 3
— + -
3 28 x 10°

Assumes that the wall is 3 feet thick with K1 = 2.8 x 10 ft/day.

When the wall is in the sand unit

K sand = 40 ft/day

/
30 = 2799 x 10°

K., =
NENE
40 28 x 107

* Refer to “Earth 458-Physical Hydrogeology”, CW Masse, RV Nicholson Waterloo
Centre for Groundwater Research, Dept. of Earth Sciences University of Waterloo,

May 1991.
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Port Quendall Groundwater Analysis
Capture Analysis

Total Pumping Rate Number
Simulation Run | ftA3/day Gpm % of base case of Welis Screened Unit Alignment Notes
Base Case 24 28000 145.6 NA 8 sand along shore Taken as base case for the comparative analysis
(% of base case pumping rate) :
Upland wall to 30° 19 8500 442 30% 6 sand along shore pumping just upgradient of the wall capitalizes on
the flow convergence
Upland Wall to 50' 20 5000 26 18% 8 sand along shore pumping just upgradient of the wall capilalizes on
the flow convergence
\ . pumping just upgradient of the wall capitalizes on
Nearshore Wall to 30 21 7250 7.7 26% 8 sand along shore/Filt the flow convergence
Nearshore Wall to 50' 22 4500 234 16% 8 sand along shore/Fill  [PUTPing just upgradient of the wall capitalizes on
the flow convergence
Nearshore CDF Walll to 30' | 28 6750 35.1 24% 8 sand along shore/Fill  |PumPing just upgradient of the wal capitalizes on
the flow convergence
Nearshore CDF Walll to 50° 29 3750 19.5 13% 8 sand along shore/Fill  [PumPing just upgradient of the wall capitalizes on
the flow convergence

Notes:

The capture analysis was performed by overlaying dissolved plume extents for five constituents (benzene, chrysene, naphthalane, benzoapyrene and pentachlorophenol) exceeding MTCA
method B surface water criteria. Particles were placed around the perimeter of this area at the a depth corresponding to the center of the silty/fill unit. Wells were installed in the model and
the appropriate pumping rates were determined by adjusting the rates up and down to efficiently capture all of the particles.

The downgradient edge of the dissolved MTCA method B overlay is downgradient of the shoreline in some areas. Due to the inability to practically install wells further downgradient that the
existing shoreline, the particle tracking analysis did not consider the capture of these particles. For instances where the dissolved plume overlay was west of the shoreline, the
downdgradient limit for placement of particles was either the shoreline, or slightly upgradient (east) of the groundwater barrier.

The well screens were typically placed at a depth below the silt/fill and sand unit interface (with the exception of run 23 in which the wells were placed in the silt/fill unit.) This typical depth
places the screen center at the bottom of the 30" bgs wall, and above the bottom of the 50’ bgs wall. For the 50' bgs wall, the welis screens could either be placed above or below the wall

however, preliminary testing confirmed that it is more efficient to place the well screens above the bottom of the wall (the zone of influence is refiected and therefore stretched upgradient
and less lake water is drawn into the wells).

v

Created by SBC Capture 12/17/979:13 AM
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Retec Inc. — Seattle, WA

Project: Port Quendall Company
Description: Base Case — wells in sand
Modeller: SBC

3 Jun 97

Visual MODFLOW +v.2.20, (c) 1995 N
Waterloo Hvdrogeologic Software
NC: 117 NR: 146 NL: 6

Current Laver: 2
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Particle Tracking Source Locations
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NSPA Nearshore Process Area
FSPA Far Shore Process Area
NSFs North Sump Far Shore Area
QPNS Quendall Pond North Sump
SHFS  still House Far Shore
MCNS May Creek Near Shore



Port Quendall Company
Particle Tracking Analysis

PARTICLE TRACKING - Days

NSPA -2ftMSL | FSPA13ftMSL | NSFS2ft MSL | QPNS 4 ft MSL | SHFS 10 ft MSL | MCNS 0 ft MSL
RUN DESCRIPTION Pt of Comp Ptof Exp PtofComp  PtofExp | PtofComp PlofExp | PtofComp PtofExp | PtofComp  PiofExp | PtofComp Ptof Exp Comments
7 Base Case 0 800 2040 3600 2120 2740 140 600 1740 2400 280 600
6 Upland Wall to 30 ft D 900 2340 3460 1600 2400 200 1280 1740 2440 600 1200
40 Upland Wall to 50 ft 0 900 2300 3500 1780 2900 700 2040 1960 3000 600 1800
8/9 Upland Wall to 30 /50 ft - Gates 0 8840 2340 3460 1800 2840 560 1960 1940 2940 800 1620
10 Nearshore wall to 30 ft 0 880 2340 3460 1600 2420 540 1300 1760 2480 600 1160
1 Nearshore wall to 50 ft 0 880 2340 3460 1800 2820 920 1680 1940 2940 760 1580
12 Nearshore wall to 30/50 ft - Gates 0 880 2340 3460 1800 2820 920 1680 1940 2940 700 1480
25 Quter Wall to 30 880 2320 3480 1680 2440 1120 1640 2160 3000 530 1080
27 Outer Wall to 50' 880 2320 3480 1880 2800 1240 2200 2240 3040 900 1720
PARTICLE TRACKING - % of base case travel time
NSPA -2 ft MSL FSPA 13 ft MSL | NSFS 2 ft MSL | QPNS 4 ft MSL | SHFS 10 ft MSL MCNS 0 ft MSLL
RUN DESCRIPTION Pt of Comp PtofExp | PlofComp  PtofExp | PtofComp  PtofExp | PlofComp  PtofExp | PtofComp  PtofExp | PtofComp  PlofExp Comments

7 Base Case 0 800 2040 3600 2120 2740 140 600 1740 2400 280 600
6 Upland Wall to 30 ft NA 113% 115% 96% 75% 88% 143% | 213% 100% 102% | 214% 200%
40 Upland Wall to 50 ft NA 113% 113% 97% 84% 106% ( 500% | 340% [ 113% | 125% | 214% 300%
8/9 Upland Wall to 30 /50 ft - Gates NA 110% 1156% 96% 85% 104% | 400% 327% 111% 123% 286% 270%
10 Nearshore wall to 30 ft NA 110% 115% 96% 75% 88% 386% | 217% 101% 103% | 214% 193%
11 Nearshore wall to 50 ft NA 110% 115% 96% 85% 103% | 657% | 280% 111% 123% 271% 263%
12 Nearshore wall to 30/50 ft - Gates NA 110% 115% 96% 85% 103% | 657% | 280% 111% 123% 250% 247%
Outer Wall to 30' NA 110% 114% 97% 79% 89% 800% | 273% 124% 125% 189% 180%

Outer Wall to 50 NA 110% 114% 97% 89% 102% | 886% | 367% 129% 127% 321% 287%

created by SBC

particle Please note: The chevrons of the Visual Mod!flow Output represent 200 days travel time.

1217197317 PM



Port Quendall Groundwater Analysis

Impacted Flow Convergence Zone Analysis

Impacted flow convergence zone

Height at North Wall Height at Center Height at South Wall |Days in 30' cell at row |Approximated velocity
Base Case 15.8 22 11 142 or 70 .21 to .43 ft/day
Upland wall to 30’ 11 15 7.5 50 0.60
Upland Wall to 50' 12.5 ‘ 18.5 135 50 0.60
Nearshore Wall to 30' 10 20 9.5 45 0.67
Nearshore Wall to 50' 11 20 18 110 0.27
Quter Wall to 30' 10 24 8.5 60 0.50
Outer Wall to 50' 8 28 10.5 55 0.55

Notes:

cell at row 72.)

The flow convergence zone is taken as the top and bottom of the zone in which particles from the east and west sides of the site are closest
together. This occurs directly under the walls in all of these scenarios, presenting an opportunity for treatment of the contaminants. For the
base case the zone of convergence observed in the vicinity of the shoreline.

The approximated velocity is determined by observing the retention time of a particle in a thirty foot cell in the middle of the zone of convergence
in the center of the model (approximately row 72.) The velocity is then calculated as the distance (30') divided by the retention time (days in 30'

Created by SBC

Converge

12/17/979:33 AM
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FATE2 - A GROUNDWATER CONTAMINATION TRANSPORT SCREENING MODEL
© 1995 Shell Development Company

INTRODUCTION

FATE?2 is an updated Microsoft EXCEL spreadsheet based implementation of a three-dimensional
analytical transient groundwater contaminant transport model first presented in 1987 by P.A. Domenico
as published in the article: “An Analytical model for Multidimensional Transport of a Decaying
Contaminant Species” (J. Hydrology 91, 49-58). The Domenico model is based on the assumption of:

uniform and constant aquifer properties,

one dimensional groundwater flow,

first-order contaminant decay, degradation, or transformation,

constant contaminant source of rectangular cross-section in the plane perpendicular to groundwater
flow. ’

‘While the assumed conditions are arguably oversimplifications of any real scenario, the Domenico
solution is nevertheless a valuable tool for studying the gross features of contamindnt transport behavior
and for generating screening level predictions of contaminant transport at sites for which more detailed
modeling is not justified.

The spreadsheet model was previously issued as FATE in 1992. Modifications to the FATE spreadsheet
as implemented in FATE? include:

automation of model calibration to site specific contaminant plume data,

warning messages which flag input and output parameters which exceed nominal ranges,
automated calculation of plume attenuation factors, and

graphical output showing the site specific plume data, receptor location, and the modeled plume
attenuation.

Software requirements to run the FATE2 spreadsheet are Microsoft EXCEL 5.0 (or later) with the Sotver
and Analysis ToolPak Add-Ins installed.

FATE2 - A SPREADSHEET GROUNDWATER CONTAMINANT TRANSPORT MODEL

The spreadsheet FATE2 predicts the maximum centerline concentration in a hydrocarbon plume once
steady-state conditions have been reached. The normalized centerline concentration C(x,y=0,z=0)/C,
distribution is predicted by the equation:

X, ,Z = X-I[ I— r 1
oros=d_ ozl fivis) o o lorlie)

where:

C(x,y,z) = solute concentration at location (x,y,z) [mg/1]
solute concentration at (x=0,y=0,z=0) [mg/1]
distance downgradient of source [ft]

longitudinal (x) dispersivity [ft]

transverse (y) dispersivity [fi]

vertical (z) dispersivity [ft]

groundwater velocity (or specific discharge) [ft/d]

‘.?&B"é’



A = attenuation (degradation) coefficient [d]

Y = source width (perpendicular to groundwater flow in the horizontal plane) [ft]
z = source depth (perpendicular to groundwater flow in the vertical plane) [ft]
erf(n) = Error Function evaluated for value ()

As written, the right-hand-side of Equation (1) is also equivalent to the inverse of the groundwater
attenuation factor (AF(x)=C,/Cg.(x))at any distance x from the source.

Equation (1) requires seven site-specific input parameters: o, o, @5, 4, A, Y, Z. Of these, three are fixed
by hydrologic conditions and the contaminant source distribution. The groundwater velocity, q, is a
funscticgn of the groundwater gradient, i [m/m], the hydraulic conductivity, K [m/d], and the soil porosity n
[m’/m’]:

q=— ‘ 2
n

which can be determined at most sites through appropriate aquifer characterization methods. The source
dimensions, Y and Z, are estimated from knowledge of the contaminant distribution.

The remaining four parameters, o, cty, &, and A, are usually determined by “fitting” model predictions to
site specific data. However, the following information may be used as guidance to verify the
reasonableness of parameter values:

Dispersion Coefficients: Based on the USEPA’s Background Document for the Groundwater Screening
Procedures to Support 40 CFR part 268 Land Disposal Restrictions (1985),
initial estimates for dispersion coefficients are:

Oy = My,x =01x 3)
oy = Myo, =130 @
a, = M. o, =0.050, &)

Thus, the dispersion coefficients are functions of distance, x, from the down
gradient edge of the source area and appropriate multiplier factors.

Attenuation Coefficient: The attenuation coefficient, A, included in Equation (1) is a gross measure of a
number of attenuation mechanisms. For aromatic hydrocarbons,
biodegradation is likely to be the most significant at sites where aquifer
conditions are sufficient to maintain aerobic conditions (typically the presence
of dissolved oxygen in groundwater at levels of > 2 mg/l upgradient from the
source, and the absence of dissolved oxygen within the interior of a solute
plume is considered a good indication that biodegradation is likely occurring).
Field calibrated macrodegradation rates for aromatic compounds have been
reported to be 0.001 - 0.01 [d] (see for example: Chiang et al., 1986, “Data
Analysis and Computer Modeling of the Benzene Plume in an Aquifer Beneath
a Gas Plant”, in Proc. of NWWA/API Conference on Petroleum hydrocarbons

in Groundwater).

More detailed discussion of the input parameters is presented later in this documentation.

In it’s current implementation, FATE? consists of three EXCEL spreadsheets in a single workbook. The
first spreadsheet, INPUT, is used to input site specific data, execute EXCEL 5 macros, and provide model
output. The second spreadsheet, MODEL, contains the original FATE spreadsheet which is the solution



for the normalized maximum centerline concentration in a hydrocarbon plume once steady-state
conditions have been reached, based on Domenico’s solution. The third spreadsheet, MACROS, contains
the EXCEL 5 macros used to calibrated the model and generate model output. Data input, model
execution, and results interpretation will each be discussed in the following sections.

MODEL INPUT DATA

Model input data is split into four sections: Flow Model Parameters, Source Data, Monitoring Point Data,
and Receptor Data. Data is entered into the model simply by filling in the desired value in the appropriate
cell in the INPUT spreadsheet. Parameters which may be set by the user are indicted by bold type. All
other cells should not be altered, the macros will not function correctly if cell locations are changed.

Flow Model Parameters

Soil Porosity, n (f/AY):

Hydraulic Conductivity, K (ft/d):

Gradient, i (ft/ft):

Groundwater Velocity (ft/d):

Attenuation and Dispersion:
Source Data

Source Concentration, C, (mg/):

Source Width, Y (ft):

Source Thickness, Z (ft):

Porosity is percent of total voids or openings in the soil. It is
expressed as the volume of pore space per total volume of the soil.
Typical values: 0.25 <n < 0.65 (f°/ft%).

Hydraulic Conductivity is a measure of the capacity of the aquifer to
transmit water. Typical values: 10* <K < 10? (f/d).

Gradient is the change in hydraulic head per unit of horizontal
distance measured in the downgradient direction. Gradient is
expressed in foot per foot and also has a directional component.
Typical values: 0.001 <I<0.01 (fi/ft).

The groundwater (interstitial) velocity is the groundwater flow rate in
feet per day and is calculated by ¢ =K i/ n, assuming Darcy’s law.

See discussion below.

Concentration of contaminant in groundwater at downgradient edge of
source. This should be based on site data (i.e., a monitoring well
located at the down gradient edge of the source area) but can be
estimated assuming an effective solubility defined by

C,=Sx, ©

where: S; (mg/]) is the solubility limit of the pure compound and x; is
the mole fraction of the compound in the hydrocarbon mixture.

The source width is the maximum distance in feet perpendicular to the
direction of groundwater flow in the saturated zone impacted by the
source area.

Source thickness reflects the height of the groundwater column in the
source area that contains solubilized petroleum constituents. In the
case of residual seperate-phsse hydrocarbons trapped beneath the water
table, the source thickness is equivalent to the larger of the thickness
of the residual contamination zone or the largest observed seasonal
variation in the water table. '



Farthest Distance, L (ft):

Monitoring Point Data
Concentration, Cyy; [mg/1]:

Distance from Source,M; [ft]:

Receptor Date

Receptor Distance, R (ft):

Target Concentration, C’ [mg/1)

Farthest distance from the down gradient edge of the source area to be
evaluated, used as a scaling factor in the model output.

Concentration of contaminant observed at monitoring point i.

The distance parallel to groundwater flow from the downgradient edge
of the source area to the location of monitoring point i.

FATE2 is designed for input of date from one to three monitoring
point locations. These monitoring points should be located as close to
the centerline of the dissolved contaminant plume as possible and
should span the full range of the dissolved phase plume if possible
(i-e., should include Jocations close to but within the down gradient
extent of the plume.

The receptor distance is the distance in feet from the downgradient
edge of the source area to the selected receptor location.

Selected target exposure point concentration (i.e., MCL, risk-based
concentration, or other relevant criteria) which must be met at the
receptor location.

The receptor location should be based on the nearest reasonable
potential receptor location. This is represented by the nearest of:

¢ the nearest actual receptor location in the impact water bearing
zone,
the farthest available monitoring location (existing or future), or
the nearest reasonable future receptor location based on
reasonable future land use.

Attenuation and Dispersion Coefficients

Attenuation Coefficient, A [d]:

Dispersivity - x direction:

The attenuation coefficient is a measure of the rate at which a
compound is lost from a solute plume due to the combined
mechanisms of biodegradation, volatilization, and chemical
transformation. For aromatic compounds, such as benzene, toluene,
and xylenes, aerobic biodegradation is often the dominant mechanism,
and attenuation rates of 0.001 to 0.01 [d"'] are reported in the
literature for sites where dissolved oxygen concentrations are sufficient
to sustain aerobic biodegradation. This parameter is site specific as

well as compound specific.

This dispersivity is a measure of a plume’s tendency to spread
horizontally in the direction of groundwater flow as it propagates
down gradient from the source (longitudinal dispersion). An initial
estimate for the x-dispersivity is 0.1x, where x is the distance in the
direction of groundwater flow from the downgradient edge of the



Dispersivity - y direction:

Dispersivity - z direction:

MODEL CALIBRATION

source and M, = 0.1 is the x-dispersivity multiplier (USEPA Office of
Solid Waste Background Document for the Groundwater Screening
Procedure to Support 40 CFR Part 268 Land Disposal Restrictions,
1985).

This dispersivity is a measure of a plume’s tendency to spread
horizontally perpendicular to the direction of groundwater flow as it
propagates down gradient from the source (lateral dispersion). An
initial estimate for the y-dispersivity is x-dispersivity/3, where x-
dispersivity is as defined previously and M, = 1/3 is the y-dispersivity
multiplier (USEPA Office of Solid Waste Background Document for
the Groundwater Screening Procedure to Support 40 CFR Part 268
Land Disposal Restrictions, 1985).

This dispersivity is a measure of a plume’s tendency to spread
vertically perpendicular to the direction of groundwater flow as it
propagates down gradient from the source (vertical dispersion). An
initial estimate for the x-dispersivity is 0.05 x-dispersivity, where x-
dispersivity is as defined previously and M, =0.05 is the z-dispersivity
multiplier (USEPA Office of Solid Waste Background Document for
the Groundwater Screening Procedure to Support 40 CFR Part 268
Land Disposal Restrictions, 1985).

In the current implementation of FATE2, the model is calibrated to site specific data by minimizing the
sum of the square of the difference between the predicted and actual attenuation factors at the monitoring
point locations by changing either or both the attenuation rate constant, A, and the dispersivity in the x
direction. The dispersivity in the y and z directions are held at their default values as specified above
since only centerline plume data is assumed to be available. These values can be changed based on site
specific data. Calibration is performed by “clicking” on one of several “buttons™ which activate the

appropriate macros.

INITIAL -

CAL -

CAL2 -

CAL3 -

Initialization of the attenuation rate and dispersivities to default values. This
step is important in order to ensure proper convergence of the calibration
routine and should be performed prior to all model calibration. (A =0.001
[d'] and M, = 0.1)

Calibration with respect to attenuation coefficient, A (i.e., sum of squared
difference in minimized by changing A). More often than not, this will be
the primary method of model calibration since the model is more sensitive to
changes in this parameter than to changes in dispersivity. Calibration is
limited to values, 0.001 <A < 0.01 [d']. (The user should click “OK” after
the calibration is complete.)

Calibration with respect to dispersivity in the x direction (i.e., sum of squared
difference in minimized by changing M or o). The model is less sensitive
to this parameter. Thus, CAL?2 is used for fine tuning of the model.
Calibration is limited to values, 0.02 <M, <0.5. (The user should click
“OK” after the calibration is complete.)

Calibration with respect to both attenuation rate constant, A, and dispersivity
in the x direction (i.e., sum of squared difference in minimized by changing
M,. (The user should click “OK” after the calibration is complete.)



Please note that previous experience has shown that calibration with respect to the attenuation coefficient
is most important while changes in the dispersivity in the x direction can be based on professional

judgment and site specific knowledge.

A plot of the predicted normalized centerline concentration as predicted by Equation 1) as a function of
distance from the source is located in the INPUT spreadsheet next to the calibration macro buttons to
allow visual confirmation that calibration was successful.

MODEL OUTPUT

The basic model output is the normalized concentration (inverse of the attenuation factor, AF), as a
function of distance from the down gradient edge of the source area. The macro, PAL, is used to calculate
the distance from the source at which the plume has attenuated to the target exposure point concentration,
C’. The macro PAL is automatically run after any calibration, however, it MUST be run manually if
model calibration is performed by manually changing input parameters (i.e., the calibration macros are
not used).

Plume Atten. Length, PAL [ft]:  The plume attenuation length or PAL is the distance away for the
source in the direction of groundwater flow at which the normalized
groundwater concentration (C/Cs) (under steady-state conditions)
equals the normalized target exposure point concentration (C/Cs). It
is site and compound specific.

PAL - The plume attenuation length is calculated using the macro
button, “PAL”. Note that a value for PAL will not be shown
unless the macro PAL has been run following all
initialization any calibration of the model.

The model also outputs the attenuation factor at the input receptor location, Af,. The predicted
concentration at the receptor location can be calculated by divding the source concentration, C,, by the

receptor attenuation factor, Af;.

Receptor Attenuation Factor, AF,: The attenuation factor, AFr, is equal to the ratio of the groundwater
concentration at the source divided by the groundwater concentration
at the receptor location and has values greater than unity. The AF is
determined based on the model fit to site specific data.

Finally, the maximum source concentration which is protective of the input receptor is calculated.

Max Source Concentration, C,*: The maximum source concentration (dissolved concentration at
downgradient edge of source) that is protective of a receptor is found
by multiplying target exposure point concentration (C ) by the
attenuation factor at the receptor, AF;:

Cs. = AF I"C'l- (7)

If the nearest reasonable potential receptor is closer to the source than
the PAL, than a reduction in source concentration will be required to
be protective of the receptor. If the nearest reasonable potential
receptor is farther from the source than the PAL, source area reduction
may not be required if the source strength is not expected to increase
over time (based on contaminant migration from the vadose zone).
The calculated value is compared to a user input source area solubility



limit. This value should be based on site specific knowledge of the
contaminant composition and is the same as the input source area
concentration if calculated by Equation (6) above. The symbol “>S” is
used to indicate that the calculated maximum source concentration
exceeds this solubility limit and thus is physically unattainable.

RESULTS INTERPRETATION

The results of the model are presented both graphically and numerically. Graphically, the results are
presented as a plot of attenuation factor, AF, versus distance from the downgradient edge of the source.
This plot also shows the site monitoring data, the receptor location, and the location of the plume
attenuation length. For sites with more than one contaminant, the largest component PAL value is
sclected as the PAL,,. Any receptor located at a distance greater than the PAL,,, is not expected to have
concentrations greater than the target exposure point concentrations for any contaminant. Therefore, if
the selected receptor is located at a distance greater than the PAL,,,,, the target exposure point
concentration for this receptor can never be exceeded. If this occurs, source reduction is not required to be
protective of the receptor. On the other hand, source reduction is indicated if the nearest receptor location
is nearer to the source than the PAL,,,, and the magnitude of source reduction required is indicated by the
estimated maximum source concentration, C, .
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Port Quendall Company
Determination of Representative Aquifer Properties
for the Fate and Transport Analysis

Aquifer Properties
Conductivity = Bulk Density foc % of pathline

Unit Porosity ft/day g/cm”*3 % each unit
Silty fill 0.25 3 1.7 0.29% 0.4
Sand 0.25 40 1.7 0.087% 0.2
Fill/lake sediment| 0.25 20 1.7 0.29% 0.4

1.0
Representative Properties -
Conductivity  Bulk Density foc Gradient
Porosity ft/day g/cmA*3 %
0.25 | 17.2 | 1.7 |  025% |  0.0069

Notes:

The aquifer hydrogeologic properties are taken from the Modflow model presented in this chapter.
A weighted average was applied based on the estimated pathlength for each hydrogeologic unit.
foc: free organic carbon

Fate2inp 6/30/97



Calculation of Lambda and Retardation Factors

log Bulk Total Retardation
Constituent Source Half-Life  Half-Life Type Lambda Koc foc Kd Densi Porosity Factor
(hour) (day) (1/day) (decimal) (@em’)  (decimal) (gem’)
Benzene Aerobic High 384 16 High 0.0433 1.79 0.0022 0.1 1.7 0.25 2
Aerobic Low 120 5 Low 0.1386
Anaerobic High 17280 720 High 0.0010
Anaerobic Low 2688 112 Low 0.0062
Naphthalene Unacclimated Anaerobic 6192 258 High 0.0027 2.80 0.0022 1.4 1.7 0.25 10
Unacclimated Aerobic 24 1 Low 0.6931
Chrysene Aerobic High 24000 1,000 High 0.0007 5.47 0.0022 650.4 1.7 0.25 4,424
Aerobic Low 8904 371 Low 0.0019
Anaerobic High 96000 4,000 High 0.0002
Anaerobic Low 35616 1,484 Low 0.0005

NOTES:

Half Life: Half lives corresponding to the type of analysis listed in the 'Source' column (e.g. Unaclimated aerobic etc.). Taken from the Handbook of Environmental Degradation
Rates, Howard et al, Lewis Publishers, Michigan, 1991.

Lamda: Degradation rate calculated assuming first order degradation. Calculated as: Lamda = -(Inl/2)/Half Life

Log Koc:: Taken from the revised table 3.2 of the Progress Report for Treatability Testing of Sediments and Groundwater for Port Quendall, Retec, May 1997,

foc:: Fraction of organic carbon (foc) based on the data presented in the Hart Crowser Draft Remedial Investigation, October 1996. The foc is a calculated weighted average of

the foc for the silty fill(.0029), sand (.00087) and lake sediment units (.0029 -assumed to be the same as silty fill unit).

Kd: Kd = (10" Jog Koc ) * foc

Bulk Density: Assumed parameter

Total Porosity: Assumed parameter

Retardation factor: Retardation factor = (1+kd*(Bulk Density/total porosity)
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Evaluation of the Contaminants of Concern
Comparison of Degradation Rates

Degradation Rates Half Life
Laboratory Results (assumes 1st order degradation ) Laboratory Results
aerobic aerobic aerobic anaerobic aerobic aerobic aerobic anaerobic
Amended Unamended Lit Low Lit High Lit Low Lit High Amended Unamended | LitHigh LitLow | LitHigh LitLow
-2.300 -1.300 0.043 0.139 0.001 0.006 0.3 0.5 16.0 5.0 720.0 112.0
-1.380 -1.310 0.035 1.386 0.003 0.028 0.5 0.5 20.0 05 258.0 25.0
-0.250 -0.250 0.001 0.002 0.000 0.000 28 2.8 10000 371.0 4000.0 1484.0

Notes

The Laboratory half lives were taken from the Port Quendall Treatability Study.

The aerobic and anaerobic literature half lives are taken from the Handbook of Environmental Degradation Rates, Howard et al,
Lewis Publishers, MI, 1991.

Degradation rates are calculated from the half life based on 1st order degradation (rate (1/day) = .693 / half life (days)):
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Port Quendall Company
Source Area Pathline Analysis

Run7 - Base case - no wall

Elevations
ft MSL
A B c
FSPA 13 ft MSL 13 -21 -4
NSPA -2 ft MSL -2 -2 5
NSFS 2 ft MSL 2 -4 6
QPNS -4 ft MSL -4 0 6
SHFS 10 ft MSL 10 -7 2
MCNS 0 ft MSL 0 0 4
Runé - Upland Wall to 30 feet
Elevations
ft MSL
A B c
FSPA 13 ft MSL 13 -21 -2
NSPA -2 ft MSL -2 5
NSFS 2 ft MSL 2 -24 1.5
QPNS 4 ft MSL -4 -17 10
SHFS 10 ft MSL 1 -24 2
MCNS 0 ft MSL 0 -17 4
Run25 - Nearshore CDF Wall to 30 feet
Elevations
ft MSL
A B c
FSPA 13 ft MSL 13 -23 1
NSPA -2 ft MSL -2 5
NSFS 2 ft MSL 2 -23 3
QPNS 4 ft MSL -4 -27 -7
SHFS 10 ft MSL 10 -29 -35
MCNS 0 ft MSL 0 -18 3

Horizontal
Projected
length
AB BC
510 250
150 125
300 125
50 150
350 225
90 110
Horizontal
Projected
length
AB BC
400 350
275
250 275
50 100
310 275
50 150
Horizontal
Projected
length
AB BC
400 350
275
260 275
300 200
475 300
50 180

Pathlengths
Post
Total Aeration
761.7 250.6
125.2 125.2
425.5 125.4
200.3 150.1
575.6 225.2
200.1 110.1
Pathlengths
Post
Total Aeration
752.0 350.5
275.1 275.1
527.5 276.2
155.2 103.6
587.2 276.2
204.3 151.5
Pathlengths
Post
Total Aeration
752.4 350.8
275.1 275.1
537.4 276.2
501.9 2010
777.7 301.1
2344 181.2

Notes:

aeration.

The particle pathlines were determined by estimating the pathlines as triangular in shape
from the source area (pt A) to a depth below the wall (pt B) and back upwards to the
point of exposure (pt C). The elevations of each point and the horizontal projected length
were taken determined from Modlflow Output. The Pythagorean theorem was then
applied to determine the total pathlength and the pathlength that occurs after the point

Created by SBC Fate2inp

12/10/978:52 AM
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Port Quendall

Summary of Fate and Transport Analysis

Maximum
Plume Predicted Permissible
Simulated Source Degradation Attenuation POE POC
Contaminant  Simulated Remediation Concentration Rate Length Concentration Concentration
Run # of Concern Source Scenario mg/L 1/day ft mg/L mg/L

28 benzene QPNS 30" Upland wall 1.500 0.535 4 1.29E-13 >8
29 benzene QPNS 30' Upland wall 16.500 0.054 79 9.94E-03 71.35
30 benzene QPNS 30' Upland wall 1750.000 0.043 205 2.89E+00 26.06
52 benzene QPNS 30' Upland wall 16.500 0.000 3348 1.01E+01 0.07
31 chrysene QPNS 30' Upland wall 0.0005 0.0549 20 1.06E-07 >S
32 chrysene QPNS 30' Upland wall 0.0005 0.0055 187 1.04E-04 0.000140
33 chrysene QPNS 30' Upland wall 0.0060 0.0007 1147 3.16E-03 0.000056
53 chrysene QPNS 30" Upland wall 0.0005 0.000 671 3.07E-04 0.000050
34 naphthalene QPNS 30" Upland wall 32.900 0.516 1 5.17E-12 >8
35 naphthalene QPNS 30' Upland wall 32.900 0.052 12 2.36E-02 >S
36 naphthalene QPNS 30' Upland wall 32.900 0.035 18 1.25E-01 >S
54 naphthalene QPNS 30" Upland wall 32.900 0.000 227 2.02E+01 16.15
39 benzene MCNS 30" Nearshore wall 1.500 0.535 4 4.38E-19 >3
40 benzene MCNS 30' Nearshore wall 16.500 0.054 65 7.01E-05 >3
41 benzene MCNS 30' Nearshore wall 1750.000 0.043 172 2.97E-02 >S
55 benzene MCNS 30" Nearshore wall 16.500 0.000 1317 1.76E+00 0.40
42 chrysene MCNS 30' Nearshore wall 0.0005 0.0549 27 1.78E-09 >S
43 chrysene MCNS 30" Nearshore wall 0.0005 0.0055 . 116 9.03E-06 0.001600
44 chrysene MCNS 30' Nearshore wall 0.0060 0.0007 715 5.52E-04 0.000320
56 chrysene MCNS 30' Nearshore wall 0.0005 0.000 259 5.34E-05 0.000300
45 naphthalene MCNS 30' Nearshore wall 32.900 0.516 1 2.15E-17 >8
46 naphthalene MCNS 30' Nearshore wall 32,900 0.052 12 1.78E-04 >S
47 naphthalene MCNS 30" Nearshore wall 32.900 0.035 17 1.78E-03 >3
57 naphthalene MCNS 30" Nearshore wall 32.900 0.000 77 3.51E+00 >3

Created by SBC Fate2out 12/17/973:18 PM




Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
2 Input Min  Max
n - Porosity [ff*3MtA3] 0.25 0.1 06
K - Hydraulic Conductivity [fVday] 17.2 0.01 100
i - Groundwater Gradient [fft) 0.0089 0.0001 001
lamda - attenuation rate [1/day] 0.535 Min 0535 0535
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x} 0.1 0.05 0.2
My - muitiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333
Mz - muitiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
Cs - Source Concentration [mg/l} 15
Y - source width perpendicular to groundwater flow [ft) 263
Z - source depth beiow water table [ft] 18
L - farthest distance to be evaluated from source [fi} 3000
3} input Monitering Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/}
M - Distance to Monitoring Locations [R]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [fl) 104
Cgw" - Target Concentration [mg/l} 4.30E-02
MODEL CALIBRATION
5) Rup Calibration Macros
lamda - attenuation rate {1/day} (.001 - .01) 0.5350 Min {from cell B8)
Mx - multiplier for longitudinal dispersivity {alpha-x = Mx"x] (0. 0.1000 (from celt B9}
AFm - attenuation factor at ocation m #DIV/O!  #DIVIOt  #DiviO!
Xm - Normalized conceantration at location m 0.00E+00 ###t#### 0.00E+00
Xm* - medeled normalized concentration at location m 0.00E+00 ####44# 0 O0E+00
(1-Xme/xmy*2 D.00E+D0 #4444 0.00E+00
Sum of Squares (1-Xm*/Xm}*2 0.00E+00
] 1.00E 400 Normalized Concentration 100Eses . Attenustion Factor=Cs/Clx)
INITIAL - InRiakze Inputs 100E0 :z::
1.00E+70
o o= |
1.00E+60
[ CAL - Calibrate Lamda w a‘“‘” 1.00€+55
I I+, .O0E-O4 —— Modet 1.00€+50 ——’[_ odel ‘
X ess LR Epeie ]
o = PAL 1.00E+35 PAL
CAL2 - Calibrate Mx 1.00E-08 * R 1.00€+30 R
10067 wem
.00E+18 §
1.006-08 : po s “
[ CAL3 - Calibrate Lamda & Mx z 1.00€-00 beed |
" inki 40 o T Rrcd P 00 B0 ‘
MODEL OUTPUT
Cs/Cgw" - attenuation factor at target concentration 3.49E+01
{Cs/Cgw” - AFpalN(Cs/Cgw?) -1.33E-05 Time to Reach
Steady State
PAL o
PAL <1
M1 <t
PAL - Plume Attenuation Length [ft] . 4 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [ft] 104 R <1
7) Receptor Aftenuation
AFr - Attenuation Factor at Receptor 1.17E+13
Cr - Concentration at Receptor [mg/l} 1.29E-13
Cgw* - Target Concentration [mg) 0.043
S - Solubitity Limit of Contaminant (mg/) 1750
R - Retardation Factor 2
Cs* - Maximum Scurce Concentration [mg/) >S
Cs - Source Concentration [mg/h] 1.50

hrlaki g



MODEL PARAMETER INPUT

1)input Flow Model Parameters:
n - Porosity [ftA3/ft*3]

K - Hydraulic Conductivity [f/day)
i - Groundwater Gradient [f/ft]
lamda - attenuation rate [1/day]

Mx - multipier for longitudinal dispersivity {afpha-x = Mx*x]
My - muitiplier for transverse dispersivity [alpha-y = My*aipha-
Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x]

Cs - Source Concentration {mg/1]

Y - source width perpendicular to groundwater flow [R]

Z - source depth below water table [ft)

L - farthest distance to be evaluated from source [f)

Monitoring Point
Cm - concentration at monitoring locations {mg/l)
M - Distance to Monitoring Locations [ft}

R - Distance to Nearest Receptor Location {ft]
Cgw" - Target Concentration {mg/l]

MODEL CALIBRATION

lamda - attenuation rate {1/day} (.001 - .01)

Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx*x] (0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m

Plume Attenuation Model: FATE2

Input Min  Max
0.25 0.1 06
17.2 0.0t 100

0.0069 0.000t 0.0t
0.0535 Min 0.0535 0.0535
0.1 0.05 02
0.33 0.1 0.3333
0.05 0.0125 01
INOTES:
16.5
263 i This run simulates benzene from the source a1 qpns reascnable scenario.
18
3000
104
4.30E-02

0.0535 Min {from cell B8)

0.1000 {from cell BY)
#DIVIOL  #DIV/IOt  #DIVIO!
0.00E+D0 #Hutuse 0.00E+00
0.00E+00 #HH## 0.00E+00
0.00E+00 ####3# 0.00E+00

(1-Xm*Xmy2
Sum of Squares (1-Xm*Xmy2 0.00E+00
. 100890 Normalized Concentration —— Altenuation Factor=Ce/C(x l
i INFIIAL - Initiakze Inpuis J . 1008424 [ |
| 1.008+22 [
1.00E-02 i 1006420 J
L CAL - Cafibrate Lamda j _::: e !
g ) IL‘ .ODE 4 e m E
5-00e-05 9.00E412 L |
[ CAL2 - Calibrate Mx 1.00E-D8 1.00E+10 » PAL J
1 00E+08 " R
1.006-07 1.00E406
.00E-08 1.00E404
— y
L CAL3 - Calibrate Lamda & Mx | | 10009 ::EE: ‘
500 a0 00 "
| O clffom Sy O W Sniom Ty T
MODEL OUTPUT
Cs/Cgw® - mttenuation factor at target concentration 3.B4E+02
{Cs/Cgw” - AFpall/(Cs/Cgw) -8 97E-04 Time to Reach
Steady State
PAL o
PAL <1
M1 <l
PAL - Plume Attenuation Length [ft] 79 M2 <1
PAL/L - Scaled Phume Attenuation Length 0.03 M3 <1
R - Distanca to Nearest Receptor Location [ft] 104 R <1
AFr - Attenuation Factor at Receptor 1.66E+03
Cr - Concentration at Receptor [mg/) 9.94E-03
Cgw" - Target Concentration [mgh} 0.043
8) input Contaminant Rata
S - Solubility Limit of Contaminant {mg/) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/l} 71.35
Cs - Source Concentration [mg/l) 16.50
120787

Shell Development Co.
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MODEL PARAMETER INPUT

n - Porosity [t"3/ftA3)

K - Hydraulic Conductivity [ft/day]

i - Groundwater Gradient [fUfi)

lamda - attenuation rate [1/day}]

Mx - multiplier for longitudinal dispersivity {alpha-x = Mx*x}

My - multiplier for transverse dispersivity [alpha-y = My*alpha-

Mz - muitiplier for vertical dispersivity [alpha-z = Mz*alpha-x]

Cs - Source Concentration [mg/l)

Y - source width perpendicular to groundwater flow [ft}
Z - sourcs depth below water table [ft]

L - farthest distance to be evaluated from source [ft]

Monitoring Point
Cm - concentration at monitoring locations [mg/l}
M - Distance to Monitoring Locations [ft]

4) input Receptor Data:
R - Distance to Nearest Receptor Location {ft]
Cgw* - Target Concentration [mg/)

MODEL CALIBRATION

famda - attenuation rate [1/day) (.001 - .01)

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0.
AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m

Plume Attenuation Model: FATE2

Input
0.25
17.2

0.0069
0.043
0.1
0.33
0.05

Min

1750
283
18
3000

104

4.30E-02

0.0430

0.1000
#DIVIO!
0.00E+00

(from cell BS)
(from cell B9)
#DivV/Ot
#REE 0.00E+00
0.00E+00 #####4# 0.00E+00

#Dvol

(1-Xm7Xmp*2 0.00E+00 ¥kt 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
r
1.00E400 c 1006524 Attenuation Factor=Cs/C(x) i
INITIAL - Inkialize Inputs . s o0es22
1.00E-02 1-00E+20
1.00E+18
E CAL - Calibrate Lamda j a"“m 100416
O0E-O4 1.00E+14
=4 —— Model
3 me0s G o0e12 [ oM
+ 00608 1.00E+10 f » PAL
CALZ - Calibrate Mx : 1.00808 [ awr
1.006-07 1.00E+06
1.006-08 1.006+04
CAL3 - Calibrate Lamda & Mx J 1.006-08 :::E:
0 500 d 00 3500 -
L— BlinclonBhur T O % R om B IO
MODEL QUTPUT
Cs/Cgw* - sttenuation factor at target concentration 4.07E+04
{CS/ICgw* - AFpal(CS/Cgw®) -£6.75E-05 Time to Reach
Steady State
PAL o
PAL <1
M1 <1
PAL - Plume Attenuation Length [ft] 205 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.07 M3 <1
R - Dist to N t Receptor Location [ft] 104 Receptor is wiin PIiR <1

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor fmg/}
Cgw" - Target Concentration [mg/}

S - Solubility Limit of Contaminant (mg/l)
R - Retardation Factor

Cs* - Maximum Source Concentration [mg/Tj
Cs - Source Concentration [mg/]

6.06E+02
2.89E+00 Exceeds Target
0.043

1750

26.06
1750.00 Source Reduction Rqrd

Run20
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Shefl Development Co.

Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Mode} Parameters: Input Min  Max
n - Porosity [R*3M*3) 0.25 0.1 06
K - Hydraulic Conductivity [f/day] 17.2 001 100
i - Groundwater Gradient [fft} 0.0069 0.0001 0.04
lamda - attenuation rate [1/day] 0 Min 0 0
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx“x] 0.1 .05 02
My - multiplier for transverse dispersivity {alpha-y = My*alpha- 0.33 0.1 03333
Mz - muttiplier for vertical dispersivity {alpha-z = Mz*alpha-x] 0.05 0.0125 0.1

. NOTES:
Cs - Source Concentration [mg/1] 16.5
Y - source width perpendicular to groundwater flow [fi] 263 This run simulates benzene from the source at qpns reasonable scenario.
Z - source depth below water table [fi] 18
L - farthest distance to be evaluated from source {ft] 3000

Monitoring Point
Cm - concentration at monitoring locations {mg/t]
M - Distance to Monitoring Locations it}

R - Distance to Nearest Receptor Location {ft) 104
Cgw" - Target Concentration [mg/1) 4.30E-02
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] {.001 - .01} 0.0000 Min {from cell B8)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x]} {0. 0.1000 {from cell B9}
AFm - attenuation factor at location m #DIV/O!  #DIV/IOt  #DIV/O!
Xm - Normalized concentration at location m D.00E+D0 #s# 0.00E+00
Xm* - madeled normalized concentration at lacation m 0.00E+00 ###6H# 0.00E+00
(1-Xm*/Xm)~2 D.Q0E+00 #im# 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
.
N i om0 Nomalized Concentration 1006+ [ Aftenuation Factor=Cs/Clx)
INITIAL - Initialize Inputs J
+.00E-0% .
1.00€-02
=
CAL - Calibrate Lamda 1R | 100E.2
O1.00E-04 marve —
3 ook-08 AL % oM
,( °© » PAL n PAL
L CAL2 - Cafibrate Mx 1.008-06 s R 1.006+01 =R
1.00€-07 T
1.00€-08
L CAL3 - Calibrate Lamnda & Mx J 1.006-09 ooeco
[ 1 4000 i
Btance Om.'wumw o |w mm’u W 4000
MODEL OUTPUT
) Run Plume Aftenuation Length Macro "PAL"
Cs/Cgw* - attenuation factor ai target concentration 3.84E+02
(Cs/Cgw* - AFpai{Cs/Cow?) -1.99E-05 Time to Reach
I Steady State
PAL on
L PAL 39
M1 <1
PAL - Plume Attenuation Length [ft} 3348 M2 <t
PAL/L - Scaled Plume Attenuation Length 1.12 M3 <t
R - Distance to Nearest Receptor Location [f] 104 Receptor is w/fin PI|R 1
1) Receptor Attenuation
AFT - Attenuation Factor at Receptor 1.63E+00
Cr - Concentration at Receptor [mg/)] 1.01E+01 Exceeds Target
Cgw" - Target Concentration [mg/] 0.043
S - Solubility Limit of Contaminant (mg/t) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/l] 0.07
Cs - Source Concentration [mg/} 16.50 Source Reduction Rqrd

Runs2 1211597



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

o

S0 ditanchPfomBRurcéPy 000 0

H Input Min  Max
n - Porosity [R*3M*3) 0.25 0.1 06
K - Hydraulic Conductivity {ft/day] 17.2 0.0 100
i - Groundwater Gradient [ftf] 0.0069 0.0001 0.01
lamda - attenuation rate {1/day} 0.0549 Min 0.0549 0.055
Mx - multiplier for longitudinat dispersivity [aipha-x = Mx"x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 01
Cs - Source Concentration [mg/) 0.0002
Y - source width perpendicular to groundwater flow [f] 263
Z - source depth below water table [ft) 18
L - farthest distance to be evaluated from source {ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft}
R - Distance to Nearest Receptor Location [ft] 104
Cgw” - Target Concentration [mg/l} 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0549 Min (from cell B8)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x} (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #DIVIO!  #DIVIO!  #DIV/O!
Xm - Normalized concentration at location m 0.00E+00 ##HHHHHE 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ###tis 0.00E+00
(1-Xm*1Xmy*2 0.00E+00 ###s### 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
1.00E+00 - Nomaiized Concentration 1 1.00E+28
INTTIAL - Inkiatize Inputs 100601 1.00E+24
v 1.00E+22
1.00€-02 1.00E+20
y 1.00E-03 1.00E+18
CAL - Calibrate Lamda Py 1.00E+18
2.' J__(xﬁo14
3 ooeos T::”" 4.00E+12
- ! 1.00E+10
[ CAL2 - Calibrate Mx ] 1.00E-08 » PAL oo
1.00€-07 =R 1.00E.+06
1.00E-08 1.00E+04
L CALY - Cafibrata Lamda & Mx ] 1.00£08 "z“”
° W0 IncomBWrcfy 00 250 Rt
MODEL OUTPUT
Cs/Cgw" - altenuation factor at target concentration 6.76E+00
{Cs/Cgw* - AFpahK(Cs/Cow*) -2.02E-04 Time to Reach
Steady State
[ PAL ] o7
PAL 384
M1 <t
PAL - Plume Attenuation Length [t} 20 M2 <1
PALAL - Scaled Piume Aftenuation Length 0.01 M3 <t
R - Distance to Nearest Receptor Location [ft] 104 R 102
7} Receptor Attenuation
AFr - Attenuation Factor at Receptor 1.89E+03
Cr - Concentration at Receptor [mg/} 1.06E-07
Cgw* - Target Concentration {mg/} 0.0000296
S - Solubility Limit of Contaminant (mg/) 0.006
R - Retardation Factor 4424
Cs* - Maximum Source Concentration [mg/] >8
Cs - Source Concentration [mg/] 0.0002

Run31



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
Input Min Max

n - Porosity [ftA3/13] 0.25 0.1 06

K - Hydraulic Conductivity [ft/day] 17.2 0.01 100

i - Groundwater Gradient [ft/ft] 0.0069 0.0001 0.01

lamda - attenuation rate {1/day] 0.0054% Min 0.00549 0.00549

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02

My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333

Mz - multipfier for vertical dispersivity [alpha-z = Mz*alpha-x} 0.05 0.0125 01

: NOTES:

Cs - Source Concentration {mg/] 0.0005

Y - source width perpendicular to groundwater flow [ft] 263 This run simulates chrysene from the source at QPNS reasonable case scenario.

Z - source depth below water table [ft] 18

L - farthest distance to be evaiuated from source [ft] 3000

3) Input Monitoring Point Data:

Monitoring Point

Cm - concentration at monitoring locations [mg/i]

M - Distance to Monitoring Locations [f]

R - Distance to Nearest Receptor Location [ft] 104

Cgw" - Target Concentration [mg/] 2.98E-05

MODEL CALIBRATION

lamda - attenuation rate [t/day) (.001 - .01) 0.0055 min (from cell B8)

Mx - multiplier for longitudinai dispersivity [alpha-x = Mx*x] (0. 0.1000 ({from celi B9}

#DIV/O!  #DIV/O!  #D¥V/OI

AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m
(1-Xm*/Xm)*2

Sum of Squares (1-Xm*Xm}*2 0.00E+00

0.00E+D0 #H#pHH: 0.00E+00
Q.00E+00 ###Hi# 0.00E+00
Q.0CE+O0 ###H¢ 0.00E+00

1.00E400 Normalized Concentration 1.00E+08 siC{x)
INITIAL - InRiakze Inputs 100601 +coEs08
1.00E-02 1.00E+07
r CAL - Calitrats Lamda J 1 oe | 100808
L Qooeo 1.00€+05
S —— Model b3
C j Fooeos . 9 ooe-0e
CAL2 - Calibrate Mx 1.00E-08 m PAL i 1.00EHD
1.00E07 s R 1006502
1.00E-08
1.00E+01
CAL3 - Calibrate Lamda & Mx J 1.00E-00 1o0Ee
[ 0 50 JRGacPifomSurcyfl) X0 30 : 0 N0 HBnomWRurcd ) TN 30
MODEL OUTPUT
CsiCgw* - factor at target 1.69E+01
(CS/Cgw™ - AFpa/(Cs/Cow®) 7.70E-04 Time to Reach
s Steady State
PAL on
PAL 3492
M1 <1
PAL - Plume Attenuation Length [ft] 187 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.06 M3 <t
R - Distance to Nearest Receptor Location [ft] 104 R is whin PI{R 2182
1) Receptor Attenuation
AFr - Attenuation Factor at Receptor 4 BIE+00

Cr - Concentration at Receptor [mg/)

Cgw* - Target Concentration [mg/] 0.0000296
S - Solubility Limit of Contamimant (mg/) 0.006
R - Retardation Factor 4424
9) Target Source Concetration

Cs* - Maximum Source Concentration [mg/l} 0.00014

Cs - Source Concentration [mgf]

Shail Deveicpment Co.

1.04E-04 Exceeds Target

0.00050 Source Reduction Rqrd



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1} Input Flow Model Parameters: Input Min  Max
n - Porosity [RA3MIA3) 025 a1 06

K - Hydraulic Conductivity {fVday] 17.2 0.0 100

i - Groundwater Gradient [ft/fi] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.0007 Min 0.0007 0.0007

Mx - muttipiier for longitudinat dispersivity [alpha-x = Mx*x] 0.1 0.05 0.2

My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333

Mz - multiplier for vertical dispersivity [aipha-z = Mz*alpha-x] 0.05 0.0125 a1

2) Input Source Data; NOTES:

Cs - Saurce Concentration [mgA) 0.006 >S

Y - source width perpendicular to groundwater flow [ft] 263 This run simulates chrysene from the source st QPNS worst case scenaric.
Z - source depth below water table [fi] 18

L - farthest distance to be evaiuated from source [ft] 3000

Monitoring Point
Cm - concentration at monitoring locations [mg/i]
M - Distance to Monitoring Locations [ft]

R - Distance to Nearest Receptor Location [ft] 104

Cgw* - Target Concentration [mgh] 2.96E-05
MODEL CALIBRATION
§) Run Calibration Macros
lamda - attenuation rate {1/day] (.001 - .01) 0.0007 Min {from cell B8)
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 {from cell B9)
AFm - attenuation factor at location m #OIVIO!  #DIVIOt  #Divro!
Xm - Nomalized concentration at location m 0.00E+00 ###### 0.00E+00
Xm* - modeled normalized cancentration at location m 0.00E+00 #HHHE 0.00E+00
(-Xm*Xmy*2 0.00E+00 ###is## 0.00E+00
Sum of Squares (1-XmXm)*2 0.00E+00
Tme 400 | Normalized Concentration § ‘F 1.006+04 i {x) l
INITIAL - Initialize Inputs 100601
1.00E-02 ) a
Y | rocess e
CAL - Cafibrate Lamda
) g.msu
Foeas U 00E2
[ CALZ - Cakibrate Mx ] 1.006-08
1.00E-07 1.00E+01
ﬂx 1.006-08
CALS3 - Calibrate Lamds & Mx 100609
° 50 YRBncPRom@Burcely 00 300 oo
° 50 MtancPomARurceP P 000 3500
MODEL OUTPUT
&) Run Plume Attenuation Length Macro "PAL™
Cs/Cgw* - attenuation factor at target concentration 2.03E+02
(CS/Cgw* - AFpal/(Cs/Cyw™) -2.31E-04 Time to Reach
Steady State
PAL o)
PAL 22621
M1 <1
PAL - Plume Attenuation Length {ft] 1147 M2 <1
PAL/L - Scaled Plume Attenuation Length 038 M3 <1
R - Distance to Nearast Receptor Location [f] 104 Receptor is wiin PI|R 2577
1) Receptor Attenuation
AFr - Attenuation Factor at Receptor 1.90E+00
Cr - Concentration at Receptor [mg/} 3.16E-03 Exceeds Target
Cgw" - Target Concentration [mgA} 0.0000298
8) Input Contaminant Data
S - Solubility Limit of Contaminant (ma/) 0.006
R - Retardation Factor 4424
Cs* - Maximum Source Concentration [mg/} 0.000056
Cs - Source Concentration [mg/) 0.0060 Source Reduction Rqrd

Shelt Development Ca. 28t



MODEL PARAMETER INPUT

n - Porosity [fA3/1%3)

K - Hydraulic Conductivity [ft/day]

i - Groundwater Gradient [fift]

lamda - attenuation rate [1/day]

Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx*x}

My - multiplier for transverse dispersivity [alpha-y = My*alpha-

Mz - multiplier for vertical dispersivity (alpha-z = Mz*alpha-x)

Cs - Source Concentration [mg/l}

Y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]

L - farthest distance 1o be evaluated from source [ft)

3) Input Monitoring Point Data:
Monitoring Point

Cm - concentration at monitoring locations [mgfl]
M - Distance to Monitoring Locations [ft]

R - Distance to Nearest Receptor Location [ft]
Cgw* - Target Concentration [mg/l}

MODEL CALIBRATION

lamda - attenuation rate [1/day) (.001 - .01)

Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x]} (0.
AFm - attenuation factor at location m

Xm - Normaiized concentration at location m

Xm* - modeled normalized concentration at location m
(1-XmoXm)*2

Plume Attenuation Model: FATE2

lnput Min  Max
0.25 0.1 06
17.2 0.0t 100
0.0069 0.0001 0.01
0 Min 0 0000
0.1 0.05 0.2
0.33 0.1 03333
0.05 0.0125 0.1
0.0005
263
13
3000
104
2.96E-05
0.0000 Min (from cell B8)
0.1000 (from cell B9)
#OWV/O!  #DIV/OI  #DIV/O!

0.00E+OC #####iH¢ 0.00E+00
0.00E+00 #s###### 0.00E+00
0.00E+00 ####H#H 0.00E+00

Sum of Squares (1-Xm*/Xm*2 0.00E+00
1.006+00 - Novmalized Concentration
INITIAL - initiafize Inputs 1.00E01
1.00E-02
) 1.00E-03
CAL - Calibrate Lamda
[ J meos
= w
Frooeos T Modet <
l oM
CAL2 - Calibrate Mx ] 1.00E-08 » PAL 1.00E+01
1.00E-07 ® R
- 1.006-08
%‘ CALJ - Calibate Lamda & Mx 1.00£-08
¢ 50 gifnckfomBWurctflly 2000 200
MODEL OUTPUT
Cs/Cgw"® - factor at target 1.69E+01
(CsiCgw* - AFpall/(Cs/Cgw") -1.68E-04 Time to Reach
Steady State
PAL on
PAL 17127
M1 <1
PAL - Plume Attenuation Length [f] 671 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.22 M3 <1
R - Distance to Nearest Receptor Location [ft] 104 Receptoris wi/in PI|R 2655

T} Receptor Attenuation

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mg/)
Cgw" - Target Concentration [mgA]

S - Solubility Limit of Contaminant (mgf)
R - Retardation Factor

Cs* - Maximum Source Concentration [mg/l]
Cs - Source Concentration [mg/l}

*C(x)

—— Model
L]

el

!
i

500 ARfancFifomBWurce(iy 000 30 [

1.63E+00
3.07E-04 Exceeds Target
0.0000296

0.006
4424

0.00005
0.00050 Source Reduction Rqrd

Run&3



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

H Input
n - Porosity {ft*3/"3) 0.25
K - Hydraulic Conductivity [ft/day] 17.2
i - Groundwater Gradient [ffi] 0.0069
lamda - attenuation rate [1/day] 0.516
Mx - multiplier for longitudinal dispersivity falpha-x = Mx™x] 0.1
My - multiplier for transverse dispersivity {alpha-y = My*alpha- 0.33
Mz - muttipiier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05

Cs - Source Concentration [mg/l}

Y - source width perpendicular to groundwater flow [ft}
Z - source depth below water table [ft]

L - farthesi distance to be evaluated from source [ft]

Monitoring Paint
Cm - concentration at monitoring locations [mg/}
M - Distance to Monitoring Locations [ft]

Min  Max

0.1 0.6

0.01 100

0.0001 0.01

Min 0516 0516
0.05 02

0.1 0.3333

0.0125 0.1

4)Input Receptor Data:

R - Distance to Nearest Receptor Location {ft} 104

Cgw* - Target Concentration [mg/) 9.90E+00

MODEL CALIBRATION

3} Run Calibration Macrog

lamda - attenuation rate [1/day) (.001 - .01) 0.5160 Min (from cell B8)
Mx - mutltiplier for longitudinal dispersivity [aipha-x = Mx"x] (D. 0.1000 (from cell B9)
AFm - attenuation factor at location m #DIVIO!L  #DIVIO!  #DIV/O!

Xm - Normalized concentration at location m 0.00E+00 ##t#4 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+Q0 #¥##ts 0.00E+00
(1-Xm"Xm)*2 0.00E+00 ##HHH##% 0.00E+00
Sum of Squares (1-Xm*Xm)*2 0.00E+00

Nommalized

( INITIAL - Initiakize tnputs w

L J

\( CAL - Caiibrate Lamda ]

L CAL2 - Calibrate Mx ]

CAL3 - Calibrate Lamda & Mx ]

MODEL OUTPUT

Cs/Cgw~ - sttenuation factor at target concentration 3.32E+H00
(Cs/Cgw" - AFpaf{(Cs/Cow") -6.65E-05
PAL - Plume Attenuation Length [ft} 1
PAL/L - Scaled Plume Attenuation Length 0.00
R - Distance to Nearest Receptor Location [R] 104
1) Receptor Attenuation

AFr - Attenuation Factor at Receptor 6.36E+12
Cr - Concentration at Receptor [mgh] 517E-12
Cgw* - Target Concentration [mg/l] 29
8) Input Contaminant Data

S - Solubility Limit of Contaminant (mg/) 329
R - Retardation Factor 10
Cs* - Maximum Source Concentration fmg) >S
Cs - Source Concentration [mg/} 32.90

| 100480

1.006475
1.00E+70
1.00E+e5
1.00€+60
100455
1.00E+50
1,006 +48

-00E+40
1.00€+35
1,006+30
1.00E+425
1.00E+20
1.00E+15
1.00E+10
1.00E205
1.00E+00

o

50 BRBncHFomBRurcs () X0 50

Time to Reach
Steady State
o
PAL <t
M1 <1
M2 <1
M3 <t
R <1

2NTeT



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) input Flow Model Parameters: Input Min  Max
n - Porosity [fi*3MA3] 0.25 Qa1 06
K - Hydraulic Conductivity [ft/day) 17.2 0.01 100
i - Groundwater Gradient [fi/ft] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.0516 Min 0.0516 0.0516
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 0.2
My - multipiier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
H NOTES:
Cs - Source Concentration [mg/l] 32.9 >S5
Y - source width perpendicular 1o groundwater flow [t} 263 This run simulates naphthalane from the source at QPNS reasonable scenario
Z - source depth below water table [ft] 18
L. - farthest distance to be evaiuated from source {ft] 3000
3) Input Monitering Point Data:
Monitoring Point

Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft]

4} input Receptor Data;
R - Distance to Nearest Receptor Location [ft] 104
Cgw* - Target Concentration [mg/] 8.90E+00
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0516 Min {from cell B8)
Mx - multiplier for fongitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 {from cell B9)
AFm - attenuation factor at location m #OIV/O!  #DIVIO!  #DIV/IO!
Xm - Normalized concentration at location m 0.00E+0Q ###4# 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ###ia# 0.00E+0C
{1-Xme/Xm)*2 0.00E+00 #Huasts 0.00E+00
Sum of Squares (1-XmXm}*2 0.00E+00
1.00E+00 L c i 1.00E525 ion Fi x)
INITIAL - Inkiskze Inputs 1 00601 1.006+24
) 1006022
1.006-02 1.006+20
r . 1.00E-03 1.00E+18
CAL - Calibrate Lamda 300601 1006416
L = —— Modet o) OE+14 T odel
Grooeos o n 4 00E+12 o N
CAL2 - Calibrate Mx ] 1.006-08 » PAL 1.00E410 . AL
00€ 1
L 100607 =R iy Ler |
1.00E-08 1.006+04
CALS3 - Calibrate Lamda & Mx j 1.00E-08 ‘v:::
o s 3000 3500 X
Ofanc?Hom SrcFt) : © W IR Wom B T B0 |
MODEL QUTPUT
Cs/Cgw* - factor st target B 3.32E+00
{Cs/Cgw" - AFpai)/(Cs/Cow*) -2.05E-04 Time to Reach
Steady State
PAL . m
PAL <t
M1 <t
PAL - Plume Attenuation Length [ft] 12 M2 <1
PALA - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [ft) 104 R 3
AFr - Attenuation Factor at Receptor 1.39E+03
Cr - Concentration at Receptor [mg/] 2.36E-02
Cgw" - Target Concentration [mg/) 99
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 329
R - Retardation Factor 10
Cs* - Maximum Source Concentration [mg/I} >
Cs - Source Concentration (mg/} 32.90

Shell Development Co. 121797



MODEL PARAMETER INPUT

Plume Attenuation Model: FATE2

Input Min  Max
n - Porosity [R*3M*3] 0.25 01 06
K - Hydraulic Conductivity {ft/day] 17.2 0.01 100
i - Groundwater Gradient [fUft] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.035 Min 0035 0035
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333
Mz - muitiplier for vertical dispersivity {alpha-z = Mz*alpha-x} 0.05 0.0125 0.1
2) Input Source Data: NOTES:
Cs - Source Concentration [mg/] 329 >§
Y - source width perpendicular to groundwater fiow {ft] 263 This run simulates naphthalane from the source al QPNS worst case scenario
Z - source depth below water table {ft} 18
L - farthest distance o be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/}
M - Distance to Monitoring Locations [ft]
R - Distance to Nearest Receptor Location [ft] 104
Cgw* - Target Concentration [mg/] 9.90E+00
MODEL CALIBRATION
lamda - attenuation rate {1/day] (.00% - .01) 0.0350 Min (from ceil B8)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x] (0. 0.1000 {from cseli B9}
AFm - attenuation factor at location m #DIV/O!  #DIVIOt  #DIV/IQ!
Xm - Normalized concentration at location m 0.00E+00 ##HtkH#H 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ####H 0.00E+00
(-Xme/Xmy2 0.00E+00 ##### 0.00E+00
Sum of Squares (1-Xm%Xmy:2 0.00E+00
| 1.00E+00 L ation 1.00E+22 $/Cix)
INITIAL - Inktiglize Inpas 10060 1006520
1.00€.02 1.00E18
\ 10060 I 1.00E+18
CAL - Calibrate Lamda I 1.00E+14
J Dooes — odet 0012
3 ooe5 oM 4 00E+10
( CALZ2 - Calibrate Mx J 1.006-06 » PAL 1.00€+08
1.00E-07 * R 1.006208
1.00€-08 1.00E+04
CAL3 - Calibrate Lamda & Mx 100609 1oea
o % IEGnckFomBBurctily X0 20 Hoee
% 50 AfancdPfomBBurcdfl) X° I
MODEL OUTPUT
Cs/Cgw* - attenuation factor at target concentration 3.32E+00
(CSICgw" - AFpall/(CS/Cyw") -6.64E-04 Time to Reach
[ PAL
PAL - Plume Attenuation Length [fi} 18
PAL/L - Scaled Piume Attenuation Length 0.01
R - Distance to Nearest Receplor Location [t} 104
1) Raceptor Attenuation
AFr - Attenuation Factor at Receptor 2.63E+02
Cr - Concentration at Receptor {mg/} 1.25e-01
Cgw” - Target Concentration {mg/] 9.9
8} Input Contaminant Data
S - Solubility Limit of Contaminant (mg/1) 329
R - Retardation Factor 10
9) Target Source Concetration
Cs* - Maximum Source Concentration [mg/l) >8
Cs - Source Concentration [mg/] 32.90
Rund6

1nrar



Plume Attenuation

Model: FATE2

MODEL PARAMETER INPUT
1) input Flow Model Parameters: Input Min  Max
n - Porosity [ft*3M"3) 0.25 0.1 0.6
K - Hydraulic Conductivity {ft/day] 17.2 .01 100
i - Groundwater Gradient [ft/t] 0.0069 0.0001 0.0
lamda - attenuation rate [1/day) 0 Min Q 0
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My"alpha- 0.33 0.1 0.3333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x} 0.05 0.0125 0.1
H NOTES:
Cs - Source Concentration {mg/l] 329 >S
Y - source width parpendicular to groundwater flow [f] 263 This run simulates naphthalane from the source at QPNS reasonable scenario
Z - source depth below water table [ft] 18
L - farthest distance to be evaluated from source [t} 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monitoring Locations [ft]
R - Distance to Nearest Receptor Location [fl] 104
Cgw" - Target Concentration [mg/1] 9.90E+00
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0000 Min (from cell B8)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x} (0. 0.1000 {from cell B9)
AFm - attenuation factor at jocation m #DIVIO!  #DIVIO!  #DIV/O!
Xm - Normalized concentration at location m 0.00E+00 ####¥## 0.00E+00
Xm* - modeled normaiized concentration at Jocation m O.00E+00 ###t# 0.00E+00
{(1-Xm*/Xmp*2 0.00E+00 ##Ht¢ 0.00E+00
Sum of Squares (1-Xm*Xm)*2 0.00E+00
-
l ) 1.00E+00 Ci mtration 1.006+03 2/C{x)
| INITIAL - Initisize Inputs ) + o0E-01
1.006-02
r CAL - Calibrate Lamda W 00803 1.00E+02
~ | o — o . |
‘ a.mz-ns P < | - m
CAL2 - Cakbrate Mx 1.008-08 = A 1.006401 = Pa
1.00607 =R L]
1.00€-08
CALS3 - Calibrate Lamda & Mx J 1.00E-08 —_
0 sw nckfomBWurcdfl) 2 %00 :
oEt 50 JBancPWomIFurcd il X0 30
MODEL OUTPUT
Cs/Cgw® - attenuation factor st target concentration 3.32E+00
{Cs/Cgw* - AFpalV(Cs/Cow™} 3.02e-04 Time to Reach
Steady State
PAL on
PAL 13
M1 <1
PAL - Piume Attenuation Length {ft] 227 M2 <t
PAL/L - Scaled Plume Attenuation Length 0.08 M3 <1
R - Distance to Nearest Receptor Location [ft] 104 Receptor is win Pi[R 8
AFr - Attenuation Factor at Receptor 1.63E+00
Cr - Concentration at Receptor [mg/) 2.02E+01 Exceeds Target
Cgw" - Targst Concentration [mgf} 99
S - Solubility Limit of Contaminant (mg/l) 329
R - Retardation Factor 10
Cs” - Maximum Source Concentration {mg/} 16.15

Cs - Source Concentration [mg/]

32.50 Source Reduction Rqrd

RunS54

121597



MODEL PARAMETER INPUT

n - Porosity [ff*3/Mt*3)

K - Hydraulic Conductivity [R/day)

i -~ Groundwater Gradient [fU/ft}

lamda - attenuation rate [1/day]

Mx - multipiier for longitudinal dispersivity [alpha-x = Mx*x]

My - multiplier for transverse dispersivity [alpha-y = My*alpha-

Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x}

Cs - Source Concentration [mg/1]

Y - source width perpendicular to groundwater flow [ft}
Z - source depth below water table {ft)

L - farthest distance to be evaiuated from source [ft]

3) Input Monitoring Point Data:
Monitoring Paint

Cm - concentration at manitoring locations [mg/1}
M - Distance to Monitoring Locations [ft)

R - Distance to Nearest Receptor Location [ft}
Cgw* - Target Concentration [mgfl]

MODEL CALIBRATION

5)Run Calibration Macros

lamda - attenuation rate [1/day] (.001 - .01)

Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx*x] (0.
AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m

Plume Attenuation Model: FATE2

Input Min  Max
0.25 0.1 06
17.2 Q.01 100

0.0069 0.0001 0.0
0.535 Min 0.535 0535
0.1 0.05 02
0.33 0.1 0.3333
0.05 0.0125 0.1
NOTES:
1.5
122.3 This run simulates benzene from the source at MCNS best case scenario.
6
3000
181
4.30E-02

0.5350 Min (from cell B8)

0.1000 (from cell BS)
#DIVIO!  #DIV/O!  #DIVIO!
0.00E+00 ####### 0.00E+00
0.00E+0Q ###MHH# 0.00E+00
0.00E+0Q ##4# 0.00E+00

(1-XmXm)*2
Sum of Squares (1-Xm*Xm)*2 0.00E+00
1.00E+00 Normalized Concentration 1.00E+85 - Attenuation Factor=Cs/C(x]
INITIAL - Inkialize Inputs 1.00E+80
1.00E-0% 1.00E+75
1.008-02 ::EE:Z;
CAL - Calibrate Lamda 0083 1%2‘2
3100604 1.00E+50
E w).DOE 45
by DOE-05 «<4.DOE+40
CALZ - Cabbrate Mx W 1.008-08 el
1006425
J 1.006-07 1.00€+20
00E+15
1.00E-08 : ﬂ!o:b
[ CAL3 - Calibrate Lamda & Mx 1.008-00 ::::
0 500 3000 3500 N
O ffor BhrcF ) O W ERaon Rl P X
MODEL OUTPUT
Cs/Cyw* - attenuation factor at targel concentration 3.48E+01
(Cs/Cgw* - AFpail(Cs/Cow") -7.82E-04 Time to Reach
Steady State
PAL on
PAL <1
M1 <1
PAL - Plume Attenuation Length [ft} 4 M2 <1
PALN - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [f] 181 R <1
1) Receptor Attenuation
AFr - Attenuation Factor at Receptor 3.42E+18
Cr - Concentration at Receptor [mg/) 4.38E-19
Cgw" - Target Concentration [mg/] 0.043
§) Input Contaminant Rata
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mgh] >8
1.50

Cs - Saurce Concentration (mg/}

Run39

21787



MODEL PARAMETER INPUT

input

n - Porosity [#*3/"3] 0.25
K - Hydraulic Conductivity {ft/day] 17.2
i - Groundwater Gradient [f/f] 0.0069
lamda - attenuation rate {1/day] 0.0535
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1
My - mutltiplier for transverse dispersivity [aipha-y = My*alpha- 0.33
Mz - muitiplier for vertical dispersivity {aipha-z = Mz"alpha-x] 0.05
Cs - Source Concentration {mg/l] 16.5
Y - source width perpendicular to groundwater flow [fi] 1223
Z - source depth below water table {ft} 6
L - farthest distance to be evaluated from source {R] 3000
1) input Monitering Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monitoring Locations {ft]
R - Distance to Nearest Receptor Location [ft} 181
Cgw* - Target Concentration [mg/l} 4.30E-02
MODEL CALIBRATION

0.0535

lamda - attenuation rate [1/day] (.001 - .01)

Plume Attenuation Model: FATE2

Min  Max

0.1 06

0.01 100

0.000t  0.01

Min 0.0535 0.0535
0.05 02

0.1 0.3333

0.0125 0.1

NOTES:

This run simulates benzene from the source at MCNS reasonabie scenario.

Min {from cell B8)

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from celt B9)
AFm - attenuation factor at location m #DIV/IO!  #DIVIO!  #DIVIO!
Xm - Normalized concentration at location m 0.00E+00 ##HHHH#H# 0.00E+00
Xm* - modeled normalized concentration at lecation m 0.00E+00 ##HHH# 0.00E+00
(1-XmeXmy2 0.00E+00 ##EHHE 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
( \I 1o0es00 Mormalized Concentration 100Evs — Atenuation FactorsCaiCl)
INITIAL - Infiakze Inputs 1.008+26
L 1.00E-01 1.00E24
1.006-02 1.00E+22
1.00E+20
CAL - Caiibrate Lamda \; e 1.00E+18
J Q -00E-04 ~— Model 1.00E+16 T Model
2 ooe-05 - M Qooea )
5] » PAL 1.008+12 » PAL
CAL2 - Calibrate Mx 1.00€-08 » R 1.00€+10 . R
1.002-0T7 1.008+08 [—“_'
1.00E+08
1.00E-08 1.00€+04
[ CALS3 - Calibrate Lamda & Mx J 1.006-08 : ﬁ.’:
500 3000 3S00 h
OncTom BBhrcET) O P om By WO W
MODEL OUTPUT
Cs/Cgw~ - factor at target 3.84E+02
(CS/ICgw* - AFRaIV(CS/Cw?) -3.47E-04 Tine to Reach
( Steady State
PAL on
L PAL <
M1 <1
PAL - Plume Altenuation Length [ft] 65 M2 <1
PALA - Scaled Plume Attenuation Length 0.02 M3 <1
R - Distance to Nearest Receptor Location [ft] 181 R <1
7) Receptor Attenuation
AFr - Attenuation Factor at Receptor 2.35E+05
Cr - Concentration at Receptor (mg/f] 7.01E-05
Cgw* - Target Concentration [mg/] 0.043
S - Solubility Limit of Contaminant (mg/) 1750
R - Retardation Factor 2
Cs" - Maximum Source Concentration [mg/l] >S
16.50

Cs - Source Concentration [mg/l]

Shel Development Co.

Run40

1217197



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

N lnput

n - Porosity [R*3//*3] 0.25

K - Hydraulic Conductivity {ft/day] 17.2

i - Groundwater Gradient [fift] 0.0069

lamda - attenuation rate [1/day] 0.043 Min

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1

My - multiplier for transverse dispersivity [alpha-y = My*aipha- 0.33

Mz - muttiplier for vertical dispersivity [alpha-z = Mz*aipha-x] 0.05

Cs - Source Concentration [mg/] 1750 >§
1223

Y - source width perpendicular to groundwater flow [f}
Z - source depth below water table {ft] 6

Min  Max
0.1 06
0.01 100
00001  0.01
0.043 0.043
0.05 0.2
0.1 0.3333
0.0125 0.1

NOTES:

This run simulates benzene from the source at MCNS worst case scenario.

L. - farthest distance to be evaluated from source [ft] 3000

Monitoring Point

Cm - concentration at monitoring locations [mg/l}

M - Distance to Monitoring Locations [ft]

R - Distance to Nearest Receptor Location [fi] 181

Cgw* - Target Concentration [mg/l] 4.30E-02

MODEL CALIBRATION

famda - attenuation rate {1/day] {.001 - .01) 0.0430 Min {from cell B8)

Mx - multiptier for fongitudinal dispersivity [alpha-x = Mx*x} (0. 0.1000 (from cell B9)
#DIV/IO!  #DIVIO!  #DIV/O!

AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m
(-Xme/Xm)A2

0.00E+00 ##HHHE: 0.00E+00
0.00E+00 ###### 0.00E+00
0.00E+00 #hsH¢ 0.00E+00

Sum of Squares (1-Xm*/Xmy'2 0.00E+00
—
1.00E+00 < ! 1.006424 - Attenuation Factor=Cs/C{x] ‘
INITIAL - nitiakze Inputs ooE01 | 100852 [
100602 1.008+20 i
1.00E+18 1
CAL - Cafdrate Lamda ;e 1.008+16 i
gme« L Wodet 1.00E+14 e |
3 ooe0s '] 14 00E+12 . (
. » PAL 1.00E+10 » PAL
[ CAL2 - Calibrate Mx ] 1.006-08 - R + e o
1.006-07 +.00E+08
1.00E-08 1.00€+04
[ CALS3 - Calibrate Lamda & Mx j 1.00E-00 :::: -"
P OBacior Bty 0 ** O W om0 ‘
MODEL OUTPUT
Cs/Cgw” - attenuation factor st target concentration 4.07E+04
(Cs/Cgw" - AFpall/(Cs/Cow™) -2.49E-04 Time to Reach
Steady State
( PAL on
PAL <1
M1 <1
PAL - Plume Altenuation Length [i] 172 M2 <1
PALIL - Scaled Plume Attenuation Length 0.06 M3 <1
R - Distance to Nearast Recaptor Location [f] 181 R <
1) Receptor Attenuation
AFr - Attenuation Factor at Receptor 5.B8E+04
Cr - Concentration at Receptor mg/] 2.97E-02
Cgw" - Target Concentration [mg/) 0.043
8}input Contaminant Data
S - Solubility Limit of Contaminant (mg/1) 1750

R - Retardation Factor 2

>$
1750.00

9) Target Source Concetration
Cs* - Maximum Source Concentration [mgh]
Cs - Source Concentration {mgh)

Shell Development Co.

Run4t

2N



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model Parameters: Input
n - Porosity [ft"3/MtA3; 0.25
K - Hydraulic Conduciity [fday] 17.2
i - Groundwater Grac:s:t {fthi} 0.0069
lamda - attenuation rate {1/day} 0
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 01
My - multiplier for transverse dispersivity [alpha-y = My*aipha- 0.33
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x} 0.05
Cs - Source Concentration [mg/t] 16.5
Y - source width perpendicular to groundwater fiow [R] 1223
Z - source depth below water table {ft} 6
L - farthest distance to be evaluated from source [ft} 3000
Monitoring Point

Cm - concentration at monitering locations {mg/l}

M - Distance to Monitoring Locations [ft)

R - Distance to Nearest Receptor Location [ft} 181
Cgw* - Target Concentration [mg/l} 4.30E-02
MODEL CALIBRATION

£) Run Callbration Macros

lamda - altenuation rate [1/day] (.001 - .01) 0.0000
Mx - multiplier for longitudinai dispersivity [alpha-x = Mx*x] (0. 0.1000
AFm - attenuation factor at location m #DIV/O!

Xm - Normalized concentration at location m
Xm* - modeled normalized concentration at location m
(1-XmIXmy2

NOTES:

This fun simulates benzene from the source at MCNS reasonabie scenario.

Min {from cell B8}
{from cell B9)
#DIVIO!  #DIV/0!

O.00E+00 ##t##### 0.00E+00
0.00E+00 ###aH¢ 0.00E+00
0.00E+00 #####H 0.00E+00

Sum of Squares (1-Xm*Xm)*2 0.00E+00
‘_\ 1008400 Normalized Concentration 1.00Ew0H Attenuation Factor=Cs/C{x|
INITIAL - Initiafize Inputs :
J 008 01
10080z 1.00€+03
Yl
( CAL - Calibrate Lamda P TooRm
) & ooe.cs — Wodel T eocet |
£ ooe-0s oM E oM |
\ = PAL ®» PAL ‘
[ CAL2 - Calibrate Mx | t00E08 . R "R |
J 1.00E-q7 1.00E+D1
1.00£.08
- —
CAL3 - Calibrate Lamda & Mx J 1.00E-09 1.00E400
o s 000 3500 !
/ el for SHrcEh) O T oS Rrcil 0 50
MODEL OUTPUT
Cs/Cow" - ion Factor at target 3.84E+02
(Cs/Cgw* - AFpal/(CS/Cgw™) 7.97E-04 Time to Reach
Steady State
PAL “ PAL 0;1
1
= M1 <1
PAL - Plume Attentuation Length [ft] 1317 M2 <1
PAL/ - Scaled Plumae Attenuation Length 0.44 M3 <1
R - Distance to Nearest Receptor Location [ft] 181 Receptor is wiin PI|R 2
AFr - Attenuation Factor at Receptor 9.36E+00
Cr - Concentration at Receptor [mg/!] 1.76E+00 Exceeds Target
Cgw* - Target Concentration [mg/l} 0.043
8} input Contaminant Data
S - Solubility Limit of Cantaminant (mg/) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration (mg/l] 0.40
Cs - Source Concentration [mg/l} 16.50 Source Reduction Rqrd
121997

Shefl Developrment Co.



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

input
n - Porosity {ft*3t*3] 0.25
K - Hydraulic Conductivity [f/day] 17.2
i - Groundwater Gradient [ft/t) 0.0069
0.0549

lamda - attenuation rate [1/day}
Mx - muiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1
0.33

My - multiplier for transverse dispersivity {alpha-y = My*alpha-

Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05

2)Input Source Data:

Cs - Source Concentration {mg/] 0.0005
1223

Y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [fl] ]

L - farthest distance to be evaluated from source {ft] 3000

Monitoring Point

Cm - concentration at monitoring locations {mg/)

M - Distance to Monitoring Locations |[ft]

R - Distance to Nearest Receptor Location [ft} 181

Cgw* - Target Concentration [mg/l} 2.96E-05

MODEL CALIBRATION

§) Run Calibration Macros

lamda - attenuation rate [1/day] {.001 - .01) 0.0549

Mx - multiplier for fongitudinal dispersivity [alpha-x = Mx*x] (C. 0.1000

AFm - attenuation factor at location m #DIVIO!
0.00E+00

Xm - Normalized concentration at location m
Xm* - modeled normalized concentration at location m
(- Xmexmp*2

0.00E+00
0.00E+00

Min

#DIVIO

Min Max

0.1 06

0.0t 100

0.0001 0.01
0.0549 0.05490
005 02

0.1 03333

0.0125 a1

NOTES:

This run simuiates chrysene from the source at MCNS besl case scenario.

(from cell B8)
{from cell B9)
#OIV/D!

MRS 0.00E+00

M 0.00E+00
WHEH 0.00E+00

Sum of Squares (1-Xm*/Xm}*2 0.00E+00
1.00E+00 < Normalized Concentration LOOE+2 ICx) !
INITIAL - Initiakze inputs +.00601 ! 1.006+28
1.00E+24
1.008-02 1.00E+22
( ] 1.006-03 1.00E+20
CAL - Catibrate Lamda 1.00E418 |
L 00E-04 1.00E+18
g.me 05 ~——Model i Y00E+14 ]’___:—M
oM { 1.00E+12 P
[ CALZ - Cafbrate Mx j 1.00€-08 = PAL 1.006+10 » PAL
1.00E-07 R 1.00€+08 .
1.00E+08
1.00E-08 1.00€404
CAL3 - Calibrate Lamda & Mx 1.00€-00 1.00es0
O S0 IEANWomBRurcd T X0 B0 Hooero
0 50 HBancEomBRurcd i X0 30
L
MODEL OUTPUT
Cs/Cgw* - attenustion factor st larget concentration 1.69E+01
(CS/Cgw* - AFpaiN(Cs/Cgw™) -1.74E-05 Time to Reach
Steady State
[ PAL j om
PAL 482
M1 <t
PAL - Plume Attenuation Length [f] 27 M2 <1
PALL - Scaled Plume Attenuation Length 0.01 X} <1
R - Distance to Nearest Receptor Location [ft] 181 R 1509
AFT - Attenuation Factor at Receptor 2.BOE+05
Cr - Concentration at Receptor [mg/} 1.78E-09
Cgw" - Target Concentration [mg/] 0.0000296
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/) 0.006
R - Retardation Factor 4424
Cs" - Maximum Source Concentration [mg/} >8
0.0005

Cs - Source Concentration [mg/1]

Shell Developmen Co.

21997



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

Input
n - Porosity [R*3/MA3] 0.25
K - Hydraulic Conductivity [f/day] 17.2
i - Groundwater Gradient [ft/ft]) 0.0069
tamda - attenuation rate [1/day]} 0.00549

Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x} 0.1
0.33

My - multiplier for transverse dispersivity [alpha-y = My*alpha-

Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x} 0.05
2)Input Source Data;

Cs - Source Concentration [mg/l} 0.0005
Y - source width perpendicular to groundwater flow [ft] 1223

Z - source depth below water table (ft] 6

L - farthest distance to be evaluated from source {ft] 3000
Monitoring Paint

Cm - concentration at monitoring Jocations [mg/]

M - Distance to Monitoring Locations [ft]

4) Input Recegtor Data:

R - Distance to Nearest Receptor Location [fi] 181
Cgw* - Target Concentration [mg/T} 2.96E-05
MODEL CALIBRATION

5) Run Calibration Macros

lamda - attenuation rate [1/day} (.001 - .01) 0.0055

Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx*x] (0. 0.1000

AFm - attenuation factor at location m #DIVIO!

Xm - Normalized concentration at location m

Xm* - medeled normalized concentration at location m
(1-Xm*/Xm)*2

Sum of Squares (1-Xm*/Xm)*2

0.00E+00
0.00E+00
0.00E+00

Min  Max

Q.1 06

0.01 100
0.0001 0.01
0.00549 0.0055
0.05 02

0.1 0.3333
0.0125 0.1

NOTES:

This run simulates chrysene from the source at MCNS reasonable case scenario.

Min {from cell B8)
(from cell B3)
#DIVIO!  #DIV/O!

0.00E+00 ##i### 0.00E+0C
#aA 0.00E+00
#a#4 0.00E+00

1.00E+00 - Nommalized Concentration 1.00€+10 IC(x)
INITIAL - Initiakze Inputs 10060t 1006508
1.006-02 1.00E+08
1.006-03 1.00E+07
CAL - Calibrate Lamda
Joooe0e 1.00E+06
=
* M
[ CAL2 - Calibrate Mx j 1.00€-08 » PAL 1.00E+04 | : :AL
1.00E+03
1.00E-07 " R R
. L =R ]
1.00E-C8
( 1.00€+01
! CAL3 - Calibrate Lamda & Mx J 1.00€-09 .
L U S WomBBurcE ) 200 %0 o oS o
MODEL OUTPUT
Cs/Cow" - facior at target 1.68E+01
(CS/Cgw* - AFpal)/(Cs/Cow®) 1.56E-04 Time to Reach
Steady State
PAL on
PAL 2388
M1 <t
PAL - Plume Attenuation Length {ft] 116 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.04 M3 <1
R - Distance to Nearest Receptor Location [ft] 181 R 3409
AFr - Attenuation Factor at Receptor 5.54E+01
Cr - Concentration at Receptor [mg/l} 9.03E-06
Cgw* - Target Concentration [mgh] 0.0000296
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/) 0.006
R - Retardation Factor 4424
9) Targst Source Concetration
Cs* - Maximum Source Concentration [mg/j 0.0016
0.0005

Cs - Source Concentration [mg/)

Sheit Developrment Ca.




Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
Input Min  Max

n - Porosity [R*3/M*3] 0.2§ 0.1 06

K - Hydraulic Conductivity [f/day) 17.2 0.01 100

i - Groundwater Gradient [fUft] 0.0069 0.0001 0.01

lamda - attenuation rate [1/day) 0.0004 Min 0.0004 0.0004

Mx - multiplier for longitudinal dispersivity {alpha-x = Mx“x] 0.1 0.05 02

My - multiptier for transverse dispersivity {alpha-y = My*alpha- 0.33 0.1 03333

Mz - multiplier for vertical dispersivity [alpha-z = M2*alpha-x] 0.05 0.0125 0.1

2) Input Source Data: NGTES:

Cs - Source Concentration {mgh} 0.006 >3

Y - source width perpendicular to groundwater flow [fi) 122.3 This run simulates chrysene from the source at MCNS worst case scenario.

Z - source depth below water table [ft] 6

L. - farthest distance to be evaluated from source [fi 3000

2l Monitoring Point Data:

Monitoring Point

Cm - concentration at monitoring locations [mg/}

M - Distance to Monitoring Locations {ft}

R - Distance to Nearest Receptor Location [ft] 181

Cgw" - Target Concentration [mgh) 2.96E-05

MODEL CALIBRATION

5) Run Calibration Macros

lamda - attenuation rate [1/day] (.001 - .01) 0.0004 Min (from cell B8)

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 {from cetl 89)

AFm - attenuation factor at location m #DIVIO!  #DIVIO!  #DIVIOI

Xm - Normalized concentration at location m 0.00E+Q0 ##MiHHH: 0.00E+00

Xm* - modeled nommalized concentration at location m

(1-Xm*Xmy2 0.00E+00

0.00E+00 ##### 0.00E+00
HHEHE 0.00E+00

Sum of Squares (1-Xm*/Xm)*2 0.00E+00
1.006+00 | Normaiized Concentration 1006405 i x)
INITIAL - Inktiskze Inputs 100801
1.00E-02 1.00E+04
1.00E-03
CAL - Catibrate Larnda
[ J & 00E-04 1.006+03
= 'S
&ooe-05 —— Model %
L]
L CAL2 - Cakbrate Mx 1.00€-08 : PAL 1.006 402 s
1.00€-07 R L. R
1.00€+01
1.00€-08
CAL3 - Calibrate Lamda & Mx 1.008-00
° 5 gEBnckFom BBl 00 w0 00800
© W OandffomSRrdH O =0 ]
MODEL OUTPUT
Cs/Caw® - factor o target 2.03E+02
{Cs/Cgw* - AFpali/(Cs/Cow®) -8.23E-05 Time to Reach
Steady State
PAL N o
PAL 168391
M1 <1
PAL - Plume Attenuation Length [ft] 715 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.24 M3 <1
R - Distance to Nearest Receptor Location [ft} 181 Receptor is wiin PI|R 4428

AFr - Attenuation Factor at Receptor 1.09E+01

Cr - Concentration at Receptor [mg/)

Cgw"* - Target Concentration [mgf} 0.0000296
S - Solubility Limit of Contaminant (mg/) 0.006
R - Retardation Factor 4424
Cs* - Maximum Source Concentration [mg/} 0.00032

Cs - Source Concentration [mg/l}

Sheil Development Co.

5.52E-04 Exceeds Target

0.0060 Source Reduction Rqrd

Rund4

121787



Plume Attenuation Model: FATEZ2

MODEL PARAMETER INPUT

s Input Min  Max
n - Porosity [R*3/1t*3} 0.25 0.1 06
K - Hydraulic Conductivity [f/day] 17.2 0.01 100
i - Groundwater Gradient {f/ft] 0.0069 0.0001% 0.01
lamda - attenuation rate {1/day} 0 Min 0 0.000
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 01 03333
Mz - muitiplier for vertical dispersivity [alpha-z = Mz*alpha-x} 0.05 0.0125 0.1
2) Input Source Data: NOTES:
Cs - Source Concentration [mp/] 0.0005
Y - source width perpendicular to groundwater flow [ft} 122.3 This run simulates chrysene from the source at MCNS reasonabie case scenario. ~
Z - source depth below water table [ft] 6
L - farthest distance to be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/)
M - Distance to Monitoring Locations [ft])
R - Distance to Nearest Receptor Location {ft] 184
Cgw* - Target Concentration [mg/] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] {.001 - .01) 0.0000 Min {from cell BB)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from ceil B9)

#DIVIO!  #DIVIO!  #DIV/O!

AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m
{(1-XmXm)y*2

0.00E+00 #H### 0.00E+00
0.00E+Q0 ###### 0.00E+00
0.00E+00 #Ht#### 0.00E+00

Sum of Squares (1-Xm*Xm)y*2 0.00E+00
1.00E+00 - Nommalized Concentration 1.00E+D4 SIC(x)
[ INFTIAL - inttiakze Inputs J 1.006.01
1.00€-02
1.D0E+3
{ 100603
] CAL - Calfbrate Lamda
N J Qe
& ooe0s —— Model 140082
[ oM
CAL2 - Calibrate Mx J 1.00E-08 . PAL
1.00E-07 * R 1.00E+01
1.00E-08
( CAL3 - Calibrate Lamda & Mx ] 1.00E-08 1 00
0 0 IERncPHomBWrct ) 00 ® O % RncPWomBBUrcER X0 250
MODEL QUTPUT
CsiCgw® - factor st target 1.69E+01
(Cs/Cgw* - AFpal/(CS/Cow") 292E-04 Time to Reach
Steady State
( PAL PAL 5(:)
11
- M1 <t
PAL - Plume Attenuation Length [ft] 259 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.09 M3 <4
R - Distance to Nearest Receptor Location [fi] 181 Receptor is wiin PI[R 4621

AFr - Attenuation Factor at Receptor 9.36E+00

Cr - Concentration at Receptor [mg/1]

Cgw* - Target Concentration [mg/} 0.0000296
8)Input Contaminant Data

S - Solubility Limit of Contaminant (mg/T) 0.006
R - Retardation Factor 4424
9) Target Source Concetration

Cs* - Maximum Source Concentration {mgfl) 0.0003

Cs - Source Concentration [mg/]

Shed Development Co.

5.34E-05 Exceeds Target

0.0005 Source Reduction Rqrd



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
2 input Min  Max
n - Porosity [R*3M*3] 0.25 0.1 06
K - Hydraulic Conductivity [ft/day} 17.2 0.01 100
i - Groundwater Gradient [fuft] 0.0069 0.0001 0.01
lamda - attenuation rate [t/day] 0.516 Min 0516 0.516
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x] 0.1 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My*aipha- 0.33 0.1 0.3333
Mz - mubtiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2 NOTES:
Cs - Source Concentration [mg/] 329 8
Y - source width perpendicular to groundwater flow [fi] 122.3 This run simulates naphthalane from the source al MCNS best case scenario
Z - source depth below water table [ft} 6
L - farthest distance to be evaluated from source [f] 3000
Monitoring Point
Cm - concentration at monitoring locations {mg/]
M - Distance to Monitoring Locations [ft}
R - Distance to Nearest Receptor Location {ft] 181
Cgw* - Target Concentration {mg/) 9.90E+00
MODEL CALIBRATION
lamda - attenuation rate [1/day] (.001 - .01) 0.5160 Min (from call 88)
Mx - multiplier for longitudinal dispersivity [aipha-x = Mx*x] (0. 0.1000 {from cell B9)
AFm - attenuation factor at location m #DIV/O!  #DIV/O!  #DIV/O!
Xm - Normalized concentration at location m 0.00E+00 #####44 0.00E+Q0
Xm* - modeled normalized concentration at location m 0.00E+00 #htit### 0.00E+00
{1-Xm™/Xm)*2 0.00E+00 #stta#4 0.00E+00
Sum of Squares (1-Xm*/Xmy*2 0.00E+00
i [
1.00€+00 1.00€+80
INITIAL - Inftiaiize Inputs 100E+7S
J 1.006-01 1.00E+70
1.006-02 1.00€+65
1.00E+80
P ] P |
. 1.00E+45
= —— Mocsl
00E+40 ——— Model
a.oosos .M 1.00€+35 L r
CAL2 - Cakibrate Mx 1.006-08 = PAL 1.00E+20 » PAL {
a R 1.00E+25
1.00E-07 1.00E+20 L
1.00E+15
1.006-06 1.00E+10
CALJ - Calibrate Lamda & Mx 1.00E-08 1.00EXS
¢ 0 gffackFomBWrctRy 200 3N Hooeen
o @ fncFfomBBurcsf I B0
MODEL QUTPUT
Cs/Cgw* - attenuation factor al target concentration 3.32E+00
(CS/Cow* - AFpal/{C/Cow?) -4.B3E-05 Time to Reach
Steady State

PAL on
PAL <1
M1 <1

PAL - Plume Attenuation Length [ft} 1 M2 <1
PALA - Scaled Plume Altenuation Length 0.00 M3 <l
R - Distance to Nearest Receptor Location [fi] 181 R 1
AFr - Altenuation Factor at Receptor 1.53E+18

Cr - Concentration at Receptor {mg/1] 2.156-17

Cgw* - Target Concentration [mgh] 99

S - Solubility Limit of Contaminant {mg/) 329

R - Retardation Factor 10

9) Jarget Source Concetration

Cs* - Maximum Source Concentrationt [mg/i} >8

Cs - Source Concentration [mg/] 32.90

RundS§

2787



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

Input
n - Porosity [R*/RA3} 0.25
K - Hydraulic Conductivity {ft/day] 17.2
i - Groundwater Gradient [fft] 0.0069
lamda - attenuation rate [1/day} 0.0516 Min
Mx - multiplier for longitudinal dispersivity {alpha-x = Mx*x] 0.1
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05
Cs - Source Concentration [mg/f} 328 >$§
Y - source width perpendicular to groundwater flow [ft] 1223

Z - source depth below water table [ft] [

Min  Max
0.1 06
0.01 100
0.0001 0.01
0.0516 0.0516
0.05 0.2
0.1 0.3333
0.0125 0.1

INOTES:

This run simulates naphthalane from the source at MCNS reasonable scenario

L - farthest distance to be evaluated from source {ft] 3000
Monitoring Point

Cm - concentration at monitoring locations {mg/1]

M - Distance to Monitoring Locations ft]

R - Distance to Nearest Receptor Location [f] 181

Cgw* - Target Concentration [mg/1] 9.90E+00

MODEL CALIBRATION

5) Run Cajibration Macros

lamda - attenuation rate {1/day] (.001 - .01) 0.0516 Min (from cell B8)
Mx - multiplier for longitudinal dispersivity {alpha-x = Mx*x} (0. 0.1000 ({from cell B9)
AFm - attenuation factor at location m #DIV/0t  #DIV/IO!  #DIV/O!

Xm - Normalized concentration at location m
Xm* - modeled normalized concentration at location m
(1-Xm*rXm)*2

0.00E+00 ##H#t## 0.00E+00
0.00E+00 ####iti# 0.00E+00
0.00E+00 #### 0.00E+00

Sum of Squares (1-Xm*/Xm)*2 0.00E+00
I
1.00€400 Nommalized 1.00E+28 E: SIClx)
[ INITIAL - Inktiahze Inputs J 100601 1.00E+28
1.00E+24
1.00€-02 1.00E+22
1.00E+20
[ CAL - Calibrate Lamda ) a!.msm 1.00E+18
. 00E 04 1.00E+18
Somecs gaene [
1.00E+12 * M
CAL2 - Cakbrate Mx 1.00E-08 1.00E410 [ n PAL
1.006-07 1.00E+08 i—l_R
: 1.006+08 =
1.00€-08 1.00E+04
CAL3 - Calibrate Lamda & Mx 1.00E-00 1006402
0 % B omBWurcEHy 0 30 Lo
0 X JPncEFomBIWrcé(l X X
MODEL OUTPUT
8) Run Plume Attenuation Length Macro "PAL™
Cs/Cgw” - attenuation factor at target concentration 3.32E+00
(CS/Cow* - AFpall/(Cs/Cow”) -3.11E-04 Time to Reach
Steady State
( o O
<
~ M1 <1
PAL - Piume Attenuation Length [ft] 12 M2 <4
PAL/L - Scaled Plume Attenuation Length 0.00 M3 <y
R - Distance to Nearest Receptor Location [ft] 181 R 4
AFr - Attenuation Factor at Receptor 1.85€+05
Cr - Concantration at Receptor [mg/] 1.78E-04
Cgw"* - Target Concentration [mg/] 9.9
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mgh) 329
R - Retardation Factor 10
9) Target Source Concetration
Cs* - Maximum Source Concentration [mg/} >
Cs - Sourca Concentration [mg/] 32.90

2n7e



Plume Attenuation Model: FATEZ2

MODEL PARAMETER INPUT
Input Min  Max
n - Porosity [*3/t*3] 0.25 0.1 0.6
K - Hydraulic Conductivity [ft/day} 17.2 0.01 100
i ~ Groundwater Gradient {ft/ft] 0.0069 0.0001 0.0t
lamda - attenuation rate [1/day] 0.035 Min 0.035 0.035
Mx - multiplier for longitudinat dispersivity [alpha-x = Mx*x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - mutltipfier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
M NOTES:
Cs - Source Concentration [mg/l} 329 >S
Y - source width perpendicular to groundwater flow [f] 1223 This run simulates naphthalane from the source at MCNS worst case scenario
Z - source depth below water table [ft} 6
L - farthest distance to be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations {mg/i}
M - Distance to Monitoring Locations [ft)
R - Distance to Nearest Receptor Location [ft] 181
9.90E+00

Cgw" - Target Concentration {mg/}

MODEL CALIBRATION

§) Run Calibration Macros
famda - attenuation rate [1/day] (.001 - .01)
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from cell B9)

AFm - attenuation factor at location m

Xm - Normalized concentration at focation m

0.0350 Min (from cell B8)

#DIVIOl  #DIV/Ol  #DIVIO!
0.00E+DO ##tMt 0.00E+00

Xm* - modeled nonmalized cancentration at location m 0.00E+D0 #sHtite 0.00E+00
(-Xm*Xmy2 0.00E+D0 ###HHH 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
] ) | 1o c i 1008022 vCtx)
INITIAL - Initialize Inpts J 100801 1.00E+20
1.00E-02 1.00E+18
300608 1.00E+16
L CAL - Calibrate Lamda ’ 1.00E+14
Q Q0E-04 pamrreyen o) DOE12
3 ooes oM <4 ooe+10
L CALZ - Calibrate Mx ] 1.006-08 » PAL 1.00E+08
1.008-07 LALI 1.00€+06
1.006-08 1.00€+04
( CAL3 - Calibrate Lamda & Mx ] 1.00€-08 :::
o 500 3000 3500 -
O o SBr ) O X Bncom B WO X0
MODEL OUTPUT
) Run Plume Aftenuation Length Macro "PAL™
Cs/Cgw* - factor at target s 3.32E+00
(C/Cow* - AFpal/(CS/Cgw") -2.27E-05 Time to Reach
Steady State
PAL <1
M1 <1
PAL - Plume Attenuation Length [R] 17 M2 <1
PAL/L - Scaled Plume Attenuation Length 001 M3 <
R - Distance to Nearest Receptor Location {ft} 181 4
1) Receptor Attenuation
AFr - Attenuation Factor at Receptor 1.85E+04
Cr - Concentration at Receptor [mg/1] 1.78E-03
Cgw" - Target Concentration {mg/] 9.9
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/1) 329
R - Retardation Factor 10
Cs* - Maximum Source Concentration [mgf] >8
Cs - Source Concentration {mg/] 32.90

Shelt Development Co.

121797



MODEL PARAMETER INPUT

n - Porosity [RA3MA3)]

K - Hydrautic Conductivity [fV/day}
i - Groundwater Gradient [fi/ft]
lamda - attenuation rate {1/day}

Plume Attenuation Model: FATE2

0.25

172

0.0089
0 Min

Mx - muttipiier for longitudinal dispersivity [aipha-x = Mx"x] 0.1
My - muttiplier for transverse dispersivity [alpha-y = My*alpha- 0.33
Mz - muttiplier for verticai dispersivity [aipha-z = Mz*aipha-x| 0.05

Cs - Source Concentration [mg/]
Y - source width perpendicular to groundwater flaw [ft]

Z - source depth below water tabie [ft]
L - farthest distance to be evaiuated from source (ft}

Al Input Monitoring Point Data:
Monitoring Paint

Cm - concantration at monitoring locations [mg/}
M - Distance to Monitoring Locations [fl)

4) Input Receptor Data:
R - Distance to Nearsst Receptor Location [ft)

181
Cgw" - Target Concentration [mg/] 9.90E+00
MODEL CALIBRATION
§) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0000 win (from cell B8)
Mx - mutipiier for longitudinal dispersivity [aipha-x = Mx"x] (0. 0.1000 {from cell B9}
#DIVIO!  #DIV/IOt  #DivO!

AFm - attenuation factor at location m

Xm - Normaiized concentration at location m
Xm* - modeled normaiized concentration st location m
(1-XmXmp2

0.00E+00 #¥¥¥## 0.00E+00
0.00E+00 #4446 0.00E+00
0.00E+00 44 0.00E+00

Sum of Squares (1-Xm*Xm}*2 0.00E+00
1,008+00 Normalized Concantration | 1006704 )
i INITIAL - InRiskze Inputs 1 o0 { i
! CAL - Calibrate Lamda W} e ] ‘
N g.m:«
O0EM12 |
~N ams-as l 2 ! e m 1‘}
| CAL2 - Calbrate Mx | vooeos ! e
J .poe-o7 | 1.008401 _*r_
Voo N 1.00E-08 “
| CALI-Caliorsslamda&Mx | | 10e@ I
> — | T OBty > =2 | D o TR F° =0
L
MODEL QUTPUT
8) Run Plume Aftenuation Length Macro "PAL"
Cs/Cow* - sttenustion factor st tarpet concentrirtion 3.32E+00
(C3/Cow* - AFpal)(Cs/Cow) 4 64E-05 Time to Reach
w Steady State
: AL J PAL (?
i
_J - “
PAL - Plume Altenuation Length [ft] 77 M2 <1
PALA - Scaled Plums Altenuation Length 0.03 M3 <1
R - Distance to Nearsst Receptor Location {ft} 181 R 10
1) Recaptor Aftenustion
AFr - Attenuation Factor at Receptor 9.36E+00
Cr - Concentration et Receptor [mgA] 3.51E+00
Cgw" - Target Concentration (mg/] 99
S)input Contaminant Data
S - Solubility Limit of Contaminant {mg/) 329
R - Retardation Factor 10
9) Target Source Concetration
Cs* - Maximum Source Concantration [mg/] >S
32.90

Cs - Source Concentration {mg/}

Shel Developmant Co Rurs?



Appendix A7

Dewatering Analysis



REIEC

Table 3-1 Dewatering Analysis Results

Area to be Depressed Water Table Elevation - ft MSL Pumping Rates - GPM
Dewatered at West end of area at East end of area |Without a Flow Barrier With a Flow Barrier
NSPA 6 9 40 26
FSPA 5 5 10 NA
NSFS 2 11 34 NA
QPNS -1 9 82 24
SHFS 11 18 25 NA
MCNS 0 11 67 32
Notes:

NSPA - Near Shore Process Area

FSPA - Far Shore Process Area

NSFS - North Sump Far Shore

QPNS - Quendall Pond Near Shore Area
SHEFS - Still House Far Shore Area
MCNS - May Creek Near Shore Area

The depressed water table elevations were assigned to the excavation areas as con:
Budget feature of Modflow was then used to evaluate an approximate pumping ra
water table elevation.

If a temporary flow barrier was being considered during dewatering, then the dew:
for the scenario that included and excluded a relatively impervious barrier to a deg
The flow barriers were modelled along the lake side of the excavation areas and inl
the excavation areas the to the East approximately 80 feet.

/

Lake
Washington

Flow
Barriers

X

_7/40/97

Tah3-1



Port Quendall Company

Pumping Rate Sensitivity Analysis for Conductivity

Pumping Rates in ft*3/day |Silt Conductivity

Well Location FSPA NSFS | SHFS KKy Kz
Ksilt decr 50% 1348 2282 1896 1.5 0.03
Ksilt decr 10% 2214 3919 3316 2.7 0.054
asis 2312 4090 3478 3 0.06
Ksilt incr 10% 2492 4435 3783 3.3 0.66
Ksilt incr 50% 3173 5767 4971 45 0.09

Pumping Rates as compared to base case
Well Location FSPA -1 NSFS-1 SHFS-2

Ksilt decr 50% -42% -44%
Ksilt decr 10% 4% -4%
asis 0% 0%
Ksilt incr 10% 8% 8%
Ksilt incr 50% 37% 41%

-45%
-5%
0%
9%

43%

Pumping Rate Sensitivity Analysis for Conductivity

The pumping rates are for
three different locations
used to represent three
various drawdowns in the
silt unit. The analysis was
completed using the Zone

Budget Feature of Modflow.

50% —
40% —
30% —
20% "

10% —

-
k

50% 40% -30% -20%

Percent Pumping Rate (0% = as modeled condition)

-20% -

30% -
!
-40% -
!
50% +

10%

20%

30%

40%

50%

U

—8——NSFS - 15 ft drwadown

— -A — SHFS - 20 ft drawdown

- - 4 - -FSPA - 10 ft drawdown

|

Percent Conductivity (0% = As modeled condition}

Created by SBC

Pumping

6/27/974:26 PM



Appendix A8
Feasibility Study Alternatives

Modeling



Fate and Transport Analysis
Benzene and Chrysene
Source Areas to APOC and APOC to APOE

MTCA Method B
Surface Water  |MTCA Method B Surface
Degredation Rate - { Degredation Rate - Concentration @ Concentration | Concentration Exceedsnce Water Exceedence
coc Source to POC POC to POE Source Source @ POC (mg/L) |@ POE (mghl) @POC? @POE? Feasibility Study Alternative
Benzene 1] 0.535 QPNS Pre excavation 3.54E+00 . 2.96E-19 Yes No ACO/BD1
Benzene 070535 0.535 QPNS Pre excavation 1.78E-08 1.49E-27 No No ACO/BDA
Benzene 0 0.535 QPNS Post excavation 3.22E-01 2.69E-20 Yes No AC2/BD1 & AC3/BD1
Benzene 0 0 QPNS Pre excavation 1.53E+01 6.90E+00 Yes Yes No Action
Benzene 0 0.535 NSFS Fre excavalion 1.04E-01 477E25 Yes No AC2/BD1
Benzene 1] 0.535 NSFS Post excavation 3.47E-05 1.50E-28 No No AC3/BD1
Benzene 0 0.535 SHFS Pre excavation 4.056-02 237626 No No AC2/BD1
Benzene [} 0.535 SHFS Post excavation 2.72E-05 1.53E-28 No No AC3/BD1
Benzene 0 0.535 MCNS Pre excavation 7.07E+00 2.06E-18 Yes No ACO/BD1
Benzene 0 0.535 MCNS Post excavation 6.43E-01 1.88E-19 Yes No AC2/8D1
Chrysene 0 0.0549 QPNS Pre excavation 1.29E-03 7.04E-09 Yes No ACO/BD1
Chrysene 0/0.0549 0.0549 QPNS Pre excavation 2.47E-05 1.35E-10 No No AC0/BD2
Chrysene [} 0.0549 QPNS Post excavation 1.07E-04 5.84E-10 Yes No AC2/BD1 & AC3/BD4
Chrysene 0 0 QPNS Pre excavation 5.57E-03 2.51E-03 Yes Yes No Action
Chrysens 0 0.0549 NSFS Pre excavation 4.16E-04 3.4BE-11 Yes No AC2/BD1
Chrysena 0 0.0549 NSFS Post excavation 3.47E-05 2.90E-12 Yes No AC3/BD1
Chrysens 0 0.0549 SHFS Pre excavation 3.85E-04 2.46E-11 Yes No AC2/BD1_
Chrysene 0 0.0549 SHFS Post axcavation 2.72E-05 1.52E-12 No No AC3/BD1
Chrysene 0 0.0549 MCNS Pre excavation 2.57E-03 9.15E-08 Yes . No ACO/BD1
Chrysene 0 0.0549 MCNS Post excavation 2.14E-04 7.62E-10 Yes No AC2/BD1
Notes:

The pre and post excavation concentrations are selected to represent anticipated concentrations that exist before and after source removal. The concentrations provided have been evaluated and justified in
comparison to the existing site concentrations.

Refer to table 5-X for the nearshore and farshore pre and post excavation concentrations.

Fate2 was used to model the contaminant transport from the source areas to the POC and then from the POC to the POE. No degredation was assumed from the source areas to the POC. Biosparging was

represented with a degeredation rate equal to 1/10 of the aerobic degredation rate determined in the Lab Treatability Study [RETEC 1997]., applied from the POC to the POE. No degredation was assumed
from the POC to the POE for the no action scenario (no biosparging).

The MTCA Method B Surface Water Limit for benzene is 4.3 x10-2 mg/L.
The MTCA Mathod B Surface Water Limit for chrysena is 2.96 x10-5 mg/L

The Feasibility Study Alternatives are cross referenced to the alternatives presented in the Feasibility Study [RETEC 1997) ie ACO/BD1.




Port Quendall Company
Source Characterization

Distance from

Distance from

Width Source to POC POC to POE (Pt
Perpedicular to  Thickness (Downgradient of Emergence into
Groundwater  Below Water Edge of Outer Lake
Source Gradient Table Fill/Shoreline) Washington)
NSFS - Wall with
2.9 Acre CDF Fill 227 > 261 276
QPNS - Base case
scenario - no wall 264 18 50 150
and no fill
QPNS - Wall with
2.9 Acre CDF Fill 264 18 301 201
SHFS - Wall with
2.9 Acre CDF Fill 446 7 477 301
MCNS - Wall with
2.9 Acre CDF Fill 122 6 33 181

Notes:

The source dimensions are derived from the information presented in the Feasibility

Study.

The distances of the pathlines are calculated based on the dimensions taken from
Modpath particle tracking output. The Mopath output is presented in Appendix A3,
the pathline length calculations are presented in Appendix AS.

Created by SBC

Fate2inp

12/17/979:54 AM



Degredation
Rate -  Degredation

Source to  Rate - POC Concentration @ Concentration Concentration
~ Run COC POC to POE Source Critical Source @ POC @ POE
101] Benzene 0 QPNS Pre excavation 3.54E+00
102] Benzene 1/10th Lab QPNS Pre excavation 3.54E+00 2.96E-19
= 103{ Benzene 0 QPNS Post excavation 3.22E-01
104| Benzene 1/10th Lab QPNS Post excavation 3.22E-01 2.69E-20
. 105] Benzene 0 NSES Pre excavation 1.15E+00
. 106| Benzene 1/10th Lab NSFS Pre excavation 1.15E+00 5.27E-24
107| Benzene 0 NSFS Post excavation 1.04E-01
108] Benzene 1/10th Lab NSES Post excavation 1.04E-01 4.77E-25
109| Benzene 0 SHEFS Pre excavation 4.45E-01
110{ Benzene 1/10th Lab SHFS Pre excavation 4.45E-01 2.50E-25
111]| Benzene 0 SHFS Post excavation 8.17E-02
112| Benzene 1/10th Lab SHFS Post excavation 8.17E-02 4.58E-26
113] Benzene 0 MCNS Pre excavation 7.07E+00
- 114 Benzene 1/10th Lab MCNS Pre excavation 7.07E+00 2.06E-18
115{ Benzene 0 MCNS Post excavation 6.43E-01
) 116] Benzene 1/10th Lab MCNS Post excavation 6.43E-01 1.88E-19
B 117| Benzene 0 MCNS Post excavation 6.43E-01 6.86E-02
118| Benzene 0 QPNS Pre excavation 1.53E+01
119| Benzene 0 QPNS Pre excavation 1.53E+01 6.90E+00
201 Chrysene 0 QPNS Pre excavation 1.29E-03
202| Chrysene 1/10th Lab QPNS Pre excavation 1.29E-03 7.04E-09
203} Chrysene 0 QPNS Post excavation 1.07E-04
204} Chrysene 1/10th Lab QPNS Post excavation 1.07E-04 5.84E-10
205} Chrysene 0 . NSFS Pre excavation 4.16E-04
206| Chrysene 1/10th Lab NSES Pre excavation 4.16E-04 3.48E-11
207| Chrysene Y NSFS Post excavation 3.47E-05
; 208} Chrysene 1/10th Lab NSFS Post excavation 3.47E-05 2.90E-12
209| Chrysene 0 SHEFS Pre excavation |  3.86E-04
210§ Chrysene 1/10th Lab SHFS Pre excavation |  3.86E-04 2.16E-11
211} Chrysene 0 SHFS Post excavation 2.72E-05
212| Chrysene 1/10th Lab SHFS Post excavation 2.72E-05 1.52E-12
213] Chrysene 0 MCNS Pre excavation 2.57E-03
214| Chrysene 1/10th Lab MCNS Pre excavation 2.57E-03 9.15E-09
215]| Chrysene 0 MCNS Post excavation |  2.14E-04
216] Chrysene 1/10th Lab MCNS Post excavation |  2.14E-04 7.62E-10
217| Chrysene 0 MCNS Post excavation 2.14E-04 2.28E-05
218| Chrysene ] QPNS Pre excavation 5.57E-03
219 Chrysene 0 QPNS Pre excavation 5.57E-03 2.51E-03




MODEL PARAMETER INPUT

n - Porosity [ft*3/t*3]

K - Hydraulic Conductivity [f/day)

i - Groundwater Gradient [ft/fY)

lamda - attenuation rate {1/day] .

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x]
My - multiplier for transverse dispersivity [alpha-y = My*alpha-
Mz - multiplier for vertical dispersivity {aipha-z = Mz*alpha-x]

Cs - Source Concentration [mg/}

Y - source width perpendicular to groundwater flow [ft)
Z - source depth below water table [ft]

L - farthest distance to be evaluated from source [ft]

Monitoring Point
Cm - concentration at monitoring locations [mgA)
M - Distancs to Monitoring Locations [ft]

4) Input Receptor Data:
R - Distance to Nearest Receptor Location [ft]
Cgw* - Target Concentration [mg/l)

MODEL CALIBRATION

§) Run Calibration Macros

lamda - attsnuation rate [1/day] (.001 - .01)

Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] (0.
AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m
(1-XmXm)*2

Plume Attenuation Model: FATE2

Input Min  Max
0.25 O.1 0.6
17.2 0.01 100

0.0069 0.0001 0.01
0 Min [} 0
0.1 0.05 0.2
0.33 0.1 03333
0.05 0.0125 01
NOTES:
16.5
264 This run simulates benzene from the source at gpns best case scenaria.
18
3000
301
4.30E-02
0.0000 Min (from celt B8)
0.1000 (from cell BY)
#DIVIO!  #DWvrg!  #DIV/OY

0.00E+00 ##HHHH 0.00E+00
0.00E+00 ###### 0.00E+00
0.00E+00 #HkHHH 0.00E+00

Sum of Squares (1-Xm*Xm)*2 0.00E+30
( 1.00E+00 ¢ F 1.00€+03 Attenuation Factor=Cs/C(x|
INITIAL - initiakze Inputs
k 1.00E-M1
1.006-02
L3
E CAL - Cakbrate Larrda W 10080 1008+
| Srooea —— todel
= w |
a.ws-m L] <
u PAL
[ CAL2 - Cafibrate Mx ] 1.00E-06 s R 1.00E+01
1.00807
1.00E-08
[ CAL3 - Calibrate Lamda & Mx ] 1.00€-09 _ 1
o 'mhnu rm&)umw 400 ’ o Bhtance ﬁm&mm W 4000 J\
MODEL OUTPUT -
Cs/Cgw* - attenuation factor at target concentration 3.84E+02
{CsiCgw" - AFpal/(Cs/Cgw*) -1.87E-05 Time to Reach
Steady State
PAL o)
PAL 39
M1 <1
PAL - Plume Attenuation Length [ft] 3354 M2 <1
PAL/L - Scaled Plume Attenuation tength 1.12 M3 <t
R - Distance to Nearest Receptor Location [f] 301 Receptor is wfin PI|R 3
AFr - Attenuation Factor at Receptor 4 66E+00
Cr - Concentration at Receptor [mg/1] 3.54E+00 Exceeds Target
Cgw* - Target Concentration {mgA} 0.043
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/) 1750
R - Retardation Factor 2
) Target Source Concetration
Cs* - Maximum Source Concentration [mg/l} 0.20

Cs - Source Concentration [mg/]

16.50 Source Reduction Rqrd

Runigt

1oeT



MODEL PARAMETER INPUT

n - Porosity [ft*3/t*3]

K - Hydraulic Conductivity [ft/day)]
i - Groundwater Gradient {ft/ft]
lamda - attenuation rate {1/day]

Mx - muttiplier far longitudinal dispersivity [alpha-x = Mx*x}
My - multiplier for transverse dispersivity [alpha-y = My*alpha-
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x]

Cs - Source Concentration {mg/}

Z - source depth below water table [ft]

L - farthest distance to be evaluated from source {ft]

Monitoring Point
Cm - concentration at manitoring locations {mg/]
M - Distance to Monitoring Locations [f}

4) input Receptor Data:
R - Distance to Nearest Receptor Location [fi]
Cgw* - Target Concentration [mgf]

: MODEL CALIBRATION

lamda - attenuation rate {1/day] (.001 - .01)

Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] (0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m

{1-XmXmy*2

Y - source width perpendicutar to groundwater flow [ft]

Plume Attenuation Model: FATE2

Input Min  Max
0.25 0.1 0.6
17.2 0.01 100

0.0069 0.0001 0.01
0.535 Min 0.535 0.535
0.1 0.05 a2
0.33 0.1 03333
0.05 0.0125 0.1
NOTES:
3.54
264 This run simulates benzene from the source at gpns best case scenario.
18

3000
201

4.30E-02

0.5350 Min (from cell B8}

0.1000 {from cell B9)
#OV/O!  #DIVIO!  #DIV/O!
0.00E+00 ####t## 0.00E+00
0.00E+00 ####### 0.00E+00
0.00E+00 #eat# 0.00E+00

1.00E+85 - Attenuation Factor=Cs/C(x
1.00E +80

Cs - Source Concentration [mgh]

Sum of Squares (1-Xm*/Xm}*2 0.00E+00
- - —
— 1.00E+0 Nommalized Concentration
INITIAL - Initiakize Inputs 00Ea 1e
1.00E+70
1.008-02 Tooeves
CAL - Calibrate Lamda 100E5 T o0ewas
) 3r.00E-04 T Made! 1.00E+50
2 1.00E +45
00608 L Q00E40
a PAL 1.00E+35
CALZ - Calibrate Mx 1.00E-06 a R 1.006+30
1.00€+25
1.006-07 1.00E+20
1.00E-08 1.00E+1S
1.00E+10
CALS3 - Calibrate Lamda & Mx J 1.006-09 ::g
S00 3000 3500 :
( O Bnckom BBty O % o Sy T
MODEL QUTPUT -
. Cs/Cgw" - jon factor at target 8.23E+01
. (Cs/Cgw* - AFpali(Cs/Cgw") -7.32E-05 Time to Reach
< Steady State
PAL o
. PAL <
M1 <1
PAL - Plume Attenuation Length [ft] [} M2 <1
PAL/L - Scaied Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location {fi} 201 R <1
7) Receptor Attenuation
AFr - Attenuation Factor at Receptor 1.20E+19
. Cr - Concentration at Receptor [mg/] 2.96E-19
Cgw" - Target Concentration [mg/] 0.043
8) Input Contaminant Data
. S - Solubility Limit of Contaminant (mg/l) 1750
o R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/] >S
3.54

Run102
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MOODEL PARAMETER INPUT

n - Porosity [RASMIA3)

K - Hydraulic Conductivity [ft/day)

i - Groundwater Gradient [fuft]

lamda - attenuation rate [1/day]

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x]
My - multiplier for transverse dispersivity [alpha-y = My*alpha-
Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x]

Cs - Source Concentration [mg/}

Y - source width perpendicular to groundwater flow [fi]
Z - source depth below water table [ft]

L - farthest distance to be evaluated from source [ft]

3} Ingut Monitoring Point Data:
Monitoring Point

Cm - concentration at monitoring locations [mgf}
M - Distance to Monitoring Locations [ft]}

4) input Receptor Data:
R - Distance to Nearest Receptor Location {ft]
Cgw* - Target Concentration [mg/l}

MODEL CALIBRATION

lamda - attenuation rate {1/day] (.001 - .01)

Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx*x] (0.
AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m

Plume Attenuation Model: FATE2

0.25
17.2
0.0069

0.1

0.33
0.05

301

4.30E-02

0.0000

0.1000
#DIV/O!
0.00E+00
0.00E+00

Min  Max
0.1 06
0.01 100
0.0001 0.01
Min 0 0
0.05 02
0.1 03333
0.0125 0.1
NOTES:
This run simulates benzene from the source at qpns best case scenario.
Min {from cell B8)

(from cell BS)
#DIVIO!  #DIVIO!

G 0.00E+00
HEHEGH 0.00E+00

(1-Xm*/Xmy*2 Q.00E+Q0 #t#t### 0.00E+00
Sum of Squares (1-Xm*Xm)*2 0.00E+00 .
[ J 1006400 c f \oogws _ Aftenustion FactorsCuicl)
INITIAL - inktialize Inputs
1.00€-01
1.006-02 |
[ CAL - Cakibrate Lamda 1o0em : 10842
Grooea e ||  p—rrwr
S o008 .M % oM )
L CAL2 - Cafibrate Mx 1.00E-06 u PAL i wea |
LI i 1.005+01 - R !
1.00€-07
1.00€-08
CAL3 - Calibrate Lamda & Mx J 1.006-09 -
P OB Ron By > 2 O W B omBrcd) T
MODEL OUTPUT -
Cs/Cgw* - attenuation factor at target concentration 3.49E+01
{Cs/Cgw* - AFpalV(Cs/Cgw®) 3.50E-04 Time to Reach
Steady State
PAL o
PAL 11
M1 <1
PAL - Plume Attenuation Length [ft] 990 M2 <1
PALAN - Scaled Plume Altenuation Length 0.33 M3 <1
R - Distance to Nearest Receptor Location [ft} 301 Receptoris wiin PI{R 3
AFr - Attenuation Factor at Receptor 4.66E+00
Cr - Concentration at Receptor [mg/) 3.22E-01 Exceeds Target
Cgw* - Target Concentration [mg/] 0.042
S - Solubility Limit of Contaminant (mg/1} 1750
R - Retardation Factor 2
9) Target Source Concetration
0.20

Cs* - Maximum Source Concentration [mg/]
Cs - Source Concentration {mg/i}

1.50 Source Reduction Rqrd

Runta3
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1} Input Flow Model Parameters: loput Min  Max
n - Porosity [R*3M43] 0.25 01 086
K - Hydraulic Conductivity [fi/day] . 172 0.0t 100
i - Groundwater Gradient [ft/ft] : 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.535 Min 0.535 0535
Mx - multiplier for longitudinat dispersivity {alpha-x = Mx*x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.t 0.3333
Mz - mulitiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 Q.0125 0.1
2} input Source Data:
Cs - Source Concentration [mg/l} 3.22E-01
Y - source width perpendicular to groundwater flow [ft]) 264
Z - source depth below water table [ft] 18
L - farthest distance to be evaluated from source [ft] 3000
3) Input Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/l)
M - Distanca to Monitoring Locations {ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 201
Cgw* - Target Concentration [mg/I] 4.30E-02
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.5350 Min ({from cell B8)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from celt B9)
AFm - attenuation factor at location m #DIVIOt  #DIV/O!  #DIVIO!
Xm - Normalized concentration at location m 0.00E+00 At 0.00E+0D
Xm* - modeled nomalized concentration at location m 0.00E+Q0 ###Htt 0.00E+00
(1-XmXm)*2 : 0.00E+00 ####it 0.00E+00
Sum of Squares (1-Xm*Xm)*2 0.00E+00
1.006+4G0 c ( 1.00E+85 | Attenuation Factor=Cs/C{x) I
INITIAL - initialize Inputs 1.00E+80
1.00E-01 1.00E+75 l
1.00E+70
100602 1ok !
.00E- j
( CAL - Calibrate Lamda J _: 0003 $o0ess |
. P 00E+50
Qoe Madel "_: 0E+45 —— Model
3-ooe05 oM <€ .00E+40 oM
CALZ - Calibrate Mx 1.00€.08 i bpotbed il
1.00E-07 - R 1:me~:s & R
{ 1.00E+20
1.00€-08 1.00E+15
1.00E+10
[ CAL3 - Calibrate Lamda & Mx ] 1.00€-09 ::::
0 OB Bhrdly RPN p———
MODEL OUTPUT -
Cs/Cgw* - factor at target i 7.49E+00
{Cs/Cow* - AFpali(Cs/Cgw"} -2.04E-04 Time to Reach
Steady State
PAL o
PAL <1
M1 <1
PAL - Plume Attenuation Length [fi] 2 M2 <
PAL/L - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [ft] 201 R <1
AFr - Attenuation Factor at Receptor 1.20E+19
Cr - Concentration at Receptor [mg/} 2.68E-20
Cgw" - Target Concentration [mg/} 0.043
) input Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs"* - Maximum Source Concentration {mg/l) >8
Cs - Source Concentration {mg/i] 0.32

Shell Cevelopment Ca.
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
H Input Min  Max
n - Porosity [f*3/A3] 0.25 0.1 0.6
K - Hydraulic Conductivity [fUday) 17.2 0.01 100
i - Groundwater Gradient [fuft] 0.0069 0.0001 0.01
lamda - attenuation rate {1/day)] 0 Min 0 g
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x] 0.1 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 a1
2} input Source Data:
Cs - Source Concentration [mg/1) 1.65E+01
Y - source width perpendicular to groundwater flow [ft] 227
Z - source depth below water table [ft] 5
L - farthest distance to be evaluated from source [ft]} 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/)
M - Distance to Monitaring Locations (ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [f] 261
Cgw"* - Target Concentration [mgfl] 4.30E-02
MODEL CALIBRATION
5} Bun Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0000 Min {from cell B8)
Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx"x] (0. 0.1000 {from cell B9)
AFm - attenuation factor at location m #DIVIO!  #DIVIO!  #DIVIO!
Xm - Nommalized concentration at location m 0.00E+00 WM 0.00E+Q0
Xm* - modeled nomalized concentration at location m 0.00E+Q0 ###t##st 0.00E+00
(1-Xm*IXmp2 0.00E+00 Me##H#HNEE 0.00E+Q0
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
[ ] 1008400 ized © 1ooas  Attenuation FactorsCs/Glx)
INITIAL - Initiakze Inputs
1.00€-01
1.00€-02 J
i 1.00E+03
( CAL - Calibrate Lamda 10080 E
k 8100604 — Maodel |
3 «u | yoea J
7 © weos u PAL { :
L CALZ - Calibrate Mx 1.008.08 . R ! j
1.006-07 ' 1.00E+01 ’
— 1.00E-08 :
( CAL3 - Calibrate Lamda & Mx 1.00E-08 —— |
-] 500 3000 2600 a
O ncifForn SHurc Ty O W o By T S J
MODEL OUTPUT -
Cs/Cgw* - attenuation factor at target concentration 3.84E+02
(C3/Cgw" - AFpal/(CS/Caw") -1.47E-05 Time to Reach
Steady State
PAL om
PAL 19
M1 <1
PAL - Plume Attenuation Length {ft] 1633 M2 <1
PALA - Scaled Piume Alttenuation Length 0.54 M3 <1
R - Distance to Nearest Receptor Location [ft] 261 Receptor is wi/in Pi|R 3
AFr - Attenuation Factor at Receptar 1.44E+01
Cr - Concentration at Receptor [mg/l) 1.15E+00 Exceeds Target
Cgw* - Target Concentration [mg/] 0.043
Blinput Contaminant Data
S - Solubility Limit of Contaminant {mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mgf] 0.62
Cs - Source Concentration {mg/l] 16.50 Source Reduction Rqrd

Sheil Development Co
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

Input
n - Porosity [f*3/t*3] 0.25
K - Hydraulic Conductivity [fuday] 17.2
i - Groundwater Gradient {ft/ft] 0.0089
lamda - attenuation rate [1/day] 0.535
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x} 0.1
My - multiplier for transverse dispersivity {alpha-y = My*alpha- 0.33
Mz - muttiplier for vertical dispersivity (alpha-z = Mz*alpha-x) 0.05
Cs - Source Concentration {mg/l] 1.15E+00
Y - source width perpendicular to groundwater flow [ft] 227
Z - source depth below water table [ft] 5
L - farthest distance to be evaluated from source [ft} 3000
Monitoring Paint
Cm - concentration at monitoring locations [mgA]
M - Distance to Monitoring Locations [ft]
4} input Receptor Data;
R - Distance to Nearest Receptor Location [ft] 276
Cgw* - Target Concentration {mg/] 4.30E-02
MODEL CALIBRATION
§) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.5350
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0.  0.1000
AFm - attenuation factor at location m #Div/o!
Xm - Normalized concentration at location m 0.00E+00

Xm* - modeied nomalized concentration at location m 0.00E+00

Min  Max
0.1 06
Q.01 100
0.0001 0.01
Min Q0535 0535
0.05 0.2
0.1 0.3333
0.0125 0.1
Min (from cait B8)
(from cell B9)
#DIV/IO!  #DIvIO!
M 0.00E+00

#HEEHHR 0.00E+00

{(1-XmXm)*2 0.00E+00 ##HHi# 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
w 1.006+00 Normalized Cancentration e Attenuation FactorsCs/C(x)
INITIAL - Initialize Inputs <0801 :3::‘7:
1.Q0E-02 1.00E+70
1.00E+85
[ CAL - Caltwate Lamda J _:'m“ e J
Sroces ‘“‘“i_m | 1:meom o]
5 we-05 oM ‘iﬁﬁ oM [
a PAL 1.006+35 » PAL |
CAL2 - Cakbrute Mx ) 1.00€-06 - R 1.00€+30 —J
1.00€-07 1.00€+25 - R -
L 1.00E+20
1.006-08 i 1.006+15
{ 1.00€+10
[ CAL3 - Calibrate Lamda & Mx J 1.006-08 :z:
¢ 0 GBnckTomBWurc iy P00 =0 ’ o sm 2000 3500
O omSHrc }
MODEL OUTPUT -
6) Run Piume Attenuation Length Macro "PAL™
Cs/Cgw" - attenuation factor at target concentration 2.67E+01
{CS/Cgw" - AFpel/(Cs/Cow) -1.66E-05 Time to Reach
Steady State
PAL (]
PAL <1
M1 <1
PAL - Plume Attenuation Length [fl] 4 M2 <t
PALIL - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [ft] 276 R <1
7) Receptor Attenuation
AFr - Attenuation Factor at Receptor 2.18E+23
Cr - Concentration at Receptor {mg/l] 5.27E-24
Cgw* - Target Concentration [mg#] 0.043
8)input Contaminant Data
S - Solubility Limit of Contaminant (mgA1) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/l} >$
11§

Cs - Source Concentration {mg/]

Shell Development Co.
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MODEL PARAMETER INPUT

n - Porasity {ft*3/t*3]

K - Hydraulic Conductivity [ft/day}
i - Groundwater Gradient [ft/ft]
lamda - attenuation rate {1/day]

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x]
My - multiplier for transverse dispersivity (alpha-y = My“alpha-
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x]

Cs - Source Concentration {mg/l]

Y - source width perpendicular to groundwater flow [ft]

Z - source depth below water table [ft]

L - farthest distance to be evaluated from source [ft]

3} Input Monitoring Paint Data:

Monitoring Paint

Cm - concentration at monitoring tocations [mg/)

M - Distance to Monitoring Locations {fi]

4} Input Receptor Data:
R - Distance to Nearest Receptor Location [ft]

Cgw" - Target Concentration [mg/]

MODEL CALIBRATION

lamda - attenuation rate [1/day] (.001 - .01)

Mx - multtiplier for longitudinal dispersivity [alpha-x = Mx“x} (0.

AFm - attenuation factor at location m

Xm - Normalized concentration at location m

Xm* - madeled nommalized concentration at location m

Q- Xm*Xm)*2
Sum of Squares {1-XmXmy*2

[ INITIAL - Initialize inputs J

\

[ CAL - Calibrate Lamda J

[ CAL2 - Calibrate Mx j
CAL2 - Calibrate Lamda & Mx ]

MODEL QUTPUT

Plume Attenuation Model: FATE2

input Min  Max
0.25 0.1 06
17.2 0.01 100
0.0069 00001 001
¢ Min i 0
0.4 0.05 02
0.33 0.1 0.3333
0.05 0.0125 0.1
1.50E+00
227
5
3000
261
4.30E-02
0.0000 Min (from cell B8)
0.1000 (from cell BS)
#DIV/O!  #DIVIO!  #DIVIO!
0.00E+00 #s#t## 0.00€+00

0.00E+Q0 it 0.00E+00

CsiCgw* - attenuation factor at target concentration

(Cs/Cgw" - AFpall/(Cs/Cyw)

§

PAL - Plume Attenuation Length [fi]
PAL/L - Scaled Plume Attenuation Length

PAL

0.00E+Q0 ##H##HE 0.00E+00
0.00E+00
- —
1.008400 Normalized Concentration 100804 - Aftenuation Factor=Ce/C(x) )
1.006-01
1.00E-02
1.00E+03
1.00€-03
& 00604 TWT’
=
B ooe0s o u U3 0082
i wea |
1.00€-06 a R ]
1.006-07 l 1.00E+01
1.006-08
1.006-00 e
1.00E+00
P BndPon Tty ™ O W Ao SRy
3.49E+01
1.93E-04 Time to Reach
Steady State
on
PAL H
M1 <1
461 M2 <1
0.15 M3 <1
261 Receptor is wfin PI|R 3

R - Distance to Nearest Receptor Location [ft]

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mg/l}
Cgw* - Target Concentration [mg/l}

S - Solubility Limit of Contaminant (mg/1)
R - Retardation Factor

Cs* - Maximum Source Concentration {mg/l}

Cs - Source Concentration [mg/l}

1.44E+01
1.04E-01 Exceeds Target
0.043

1750

0.62
1.50 Source Reduction Rqrd

Runig?
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Plume Attenuation Madel: FATE2

MODEL PARAMETER INPUT

Input Min  Max
n - Porosity [{"3/ftA3] 0.25 0.1 0.6
K - Hydraulic Conductivity {ft’/day] 17.2 [e¢}] 100
i - Groundwater Gradient [ftAt] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.535 Min 0535 0535
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My~alpha- 0.33 0.1 0.3333
Mz - muitiplier for vertical dispersivity [aipha-z = Mz*alpha-x] 0.05 0.0125 0.1
Cs - Source Concentratian [mg/] 1.04E-01
Y - source width perpendicular to groundwater flow [ft] 227
Z - source depth below water table ft] 5
L - farthest distance to be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations {mg/]
M - Distance to Manitoring Locations [ft]
R - Distance to Nearest Receptor Location [fi] 276
Cgw* - Target Concentration [mg/] 4.30E-02
MODEL CALIBRATION
lamda - attenuation rate {1/day] (.001 - .01) 0.5350 Min {from cell B8}
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #DIVIO!  #DIVIQ!  #DIV/O!
Xm - Normalized concentration at location m 0.00E+Q0 #HHEH#H 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ######H 0.00E+00
(1-Xm*Xmy*2 0.00E+00 ##t##H+ 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
( 1006400 < 10ees F_Amuwa_ ]
INITIAL - Initiakze Inputs 1.00E+60
L 10001 1.006+75
1.00E+70
1.00E-02 1.00E +85 ’
.ODE~+80
CAL - Caiibrate Lamda 1 00ee :coeoss
& .00E-04  odel 1.006+50
X oes L Eeo
o o m PAL 1.00€+35
L CAL2 - Calibrate Mx 10008 a R 100640 !
1.006-07 3313
1.006-08 1.00E+15
W 1.00E+10
[ CAL3 - Calibrats Lamda & Mx | | 1o0E0® ::Eeg
] 500 3000 3500 .
J dgnncmmﬂ) o 500 mnﬂm%mm 2000 3500
MODEL OUTPUT -
6) Run Plume Aftenuation Length Macro "PAL"
Cs/ASgw® - attenuation facior at target concentration 2.42E+00
(CS/Cgw* - AFpai/(Cs/Cgw™) -9.92E-01 Time to Reach
o Steady State
' PAL o
k PAL <1
M1 <1
PAL - Pluma Attenuation Length [ft] 2 M2 <1
PALA, - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [} 276 R <1
AFr - Attenuation Factor at Receptor 2.18E+23
Cr - Concentration at Receptor [mg/1] 4.77E-25
Cgw" - Target Concentration [mg/] 0.043
S - Solubility Limit of Contaminant (mgh) 1750
R - Retardation Factor 2
9) Target Source Concetration
Cs* - Maximum Source Cancentration [mgh] >8
0.10

Cs - Source Concentration {mg/lj

Shell Development Ca.
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

Input
n - Porosiy [\3/RA3) 0.28
K - Hydraulic Conductivity {f/day] 17.2
0.0069

i - Groundwater Gradient [ft/ft}
lamda - attenuation rate [1/day) 0

Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx"x] 0.1
My - muitiplier for transverse dispersivity [alpha-y = My*alpha- 0.33
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05
Cs - Source Concentration [mg/l} 1.65E+01
Y - source width perpendicutar to groundwater flow [ft} 227

Z - source depth below water table [ft} 5

L - farthest distance to be evaluated from source [ft) 000

Monitoring Point

Cm - concentration at monitoring locations {mg/}

M - Distance to Monitoring Locations [ft)

4) Input Receptor Data:

R - Distance to Nearest Receptor Location {ft] 477

Cgw* - Target Concentration [mg/l] 4.30E-02

MODEL CAIIBRATION

famda - attenuation rate [1/day] (.001 -.01) 0.0000

Mx - multiplier for longitudinal dispersivity [aipha-x = Mx*x] (0. 0.1000

AFm - attenuation factor at location m #OIVIO!
0.00E+00

Xm - Normalized concentration at location m
Xm* - modeled normalized concentration at location m

(1-Xm*Xmy*2 0.00E+00

Min  Max
Q.1 06
0.01 100
0.0001 001
Min 0 o]
0.05 0.2
01 03333
0.0125 0.1
Min (from cell B8)
(from cell B9)
#OIV/O!  #DIVIO!
At 0.00E+00

0.00E+00 ###H#H## 0.00E+00
FHHEHERE 0.00E+00

Sum of Squares {1-Xm*/Xm)*2 0.00E+00
”- 1006400 Normalized Concentration 1.00E40H | Attenuation Factor*Cs/C(x)
INITIAL - Initiakze Inputs R
1.00E-02
1.006403
[ CAL - Caiibrate Lamda J 100838
Q OOE-04 todel —rm
Sroos .M 00802 oM
u PAL w PAL
CAL2 - Cafbrate Mx 1.00€-08 . e
® R
1.006-07 1.00€+01
1.00€-08
[ CAL3 - Calibrate Lamda & Mx 1.00E-09 \ooto ‘
% BBk PSRt 20 = R 1
MODEL OUTPUT -
Cs/Cgw* - attenuation factor at target concentration 3.84E+02
(CY/Cgw* - AFpali(CS/Cgw™) -5.54E-06 Time to Reach
s Steady State
PAL o
L PAL 1
M1 <t
PAL - Piume Attenuation Length [ft] 1633 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.54 M3 <1
R - Distance to Nearest Receptor Location [ft] 477 Receptor is wfin PI{R [
I} Receptor Attenuation
3.71E+01

AFr - Attenuation Factor at Receptor
Cr - Concentration at Receptor [mg/l]

Cgw" - Target Concentration {mg/l] 0.043
8} Input Contaminant Data

S - Solubility Limit of Contaminant (mg/1) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/] 1.59

Cs - Source Concentration {mg/l]

4 45E-01 Exceeds Target

16.50 Source Reduction Rqrd

Run108



MODEL PARAMETER INPUT

n - Porosity {ftA3/t*3]

K - Hydraulic Conductivity [ft/day]
i - Groundwater Gradient [ft/ft]
lamda - attenuation rate [1/day]

Mx - multiplier for longitudinal dispersivity {alpha-x = Mx*x]
My - multiplier for transverse dispersivity [alpha-y = My*alpha-
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x]

Cs - Source Concentration {mg/i]

Z - source depth below water table [ft}

L - farthest distance to be evaluated from source [ft]

3} Input Monitoring Point Data:

Monitaring Point

Cm - concentration at monitoring iocations [mg/i}

M - Distance to Monitoring Locations [ft]

4) Input Raceptor Data;
R - Distance to Nearest Receptor Location [ft}

Cgw* - Target Concentration [mg/l]

MODEL CALIBRATION

lamda - attenuation rate [1/day] (.001 - .01)

Mx - multiplier for longitudinal dispersivity [aipha-x = Mx*x} (0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m

Xm* - modeled narmalized concentration at location m

Y - source width perpendicular to groundwater flow [ft]

Plume Attenuation Model: FATE2

Input Mio  Max
0.25 01 06
17.2 001 100
0.0069 0.0001 001
0.535 Min 0535 0535
0.1 0.05 0.2
0.33 0.1 03333
0.05 0.0125 0.1
4.45E-01
448
7
3000
301
4.30E-02
05350 Min {from cell B8)
0.1000 {from celi 89)
#DIVIO!  #DIVIO!  #DIV/D!

0.00E+0C ##Hi### 0.00E+00
0.00E+00 ##s### 0.00E+00
0.00E+00 #H### 0.00E+00

i Attenuation FactoreCs/C(x)

2000 3500

o 0 ffncPomBRurc

(1-Xm I Xm)*2
Sum of Squares (1-Xm*/Xm}*2 0.00E+00
c
- 1.00E+00 1.00€+85
[ INITIAL - Initialize inputs j L0001 :&E:;:
1.00E+70
1.00£-02 1.00E+8S
1.00E-C3 1.00E+60
CAL - Calbrate Lamda 1.00E+55
[ j Sr.ooe-04 putirvowsn 1.006+50
3 s X & evia
o » PAL 1.00€+35
CAL2 - Calibrate Mx 1.00€-06 s R 1.006+30
. D0E+25
100807 b
1.00€-08 1.00E+15
1.00E+10
CALS3 - Calibrate Lamda & Mx 1.006-09 1.00E 405
O G o BBy OO %0 Lo
MODEL OUTPUT
Cs/Cgw* - attenuation factor &t targel concentration 1.03E+01
{CsiCgw - AFpal)/(Cs/Caw") -3.28€-05 Time to Reach
Steady State
( PAL j o
. PAL <1
M1 <1
PAL - Plume Attenuation Length [f] 3 M2 <1
PALA - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location (ft] 301 R <1
AFr - Attenuation Factor at Receptar 1.78E+24
Cr - Concentration at Receptor {mg/l] 2.50E-25
Cgw* - Target Concentration [mg/1] 0.043
S - Solubility Limit of Contaminant (mgft) 1750
E R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/l] >8
0.45

Cs - Source Concentration [mg/}

Shail Deveiopment Co.

Run110

1217



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

i lnput Min  Max
n - Porosity [ft"3/ft*3] 0.25 0.1 0.6
K - Hydraulic Conductivity {f/day] 17.2 0.01 100
i - Groundwater Gradient [fUfi] 0.0069 0.0001 0.01
famda - attenuation rate (1/day] 0 Min 0 ¢}
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity (alpha-y = My*alpha- 0.33 0.1 03333
Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x} 0.05 0.0125 0.1
2) Input Source Data:
Cs - Source Concentration {mg/] 1.50E+00
Y - source width perpendicular to groundwater flow {ft] 446
2 - source depth below water table [fi] 7
L - farthest distance to be evaiuated from source [ft] 3000
3} input Monitoring Point Data:
Monitaring Point
Cm - concentration at monitoring locations {mg/i}
M - Distance to Manitaring Locations [ft]
4} input Receptor Data:
R - Distance to Nearest Receptor Location {ft} 477
Cgw* - Target Concentration [mgh) 4.30E-02
MODEL CALIBRATION
£) Run Calibration Macros
lamda - attenuation rate {1/day] (.001 - .01) 0.0000 Min (from celi B8)
Mx - muitiplier for longitudinal dispersivity [aipha-x = Mx"x] (0. 0.1000 (from celi B9)
AFm - attenuation factor at location m #OWIO!  #DIVID!  #DIVIOY
Xm - Normatized concentration at location m 0.00E+00 ####H 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 #####4#+ 0.00E+Q0
(-Xme/Xm)y*2 0.00E+00 ###i#t### 0.00E+00
Sum of Squares (1-Xm*/Xm)}*2 0.00E+00
. 1
W 1006400 < 1o0Eec ____ Attenuation FactorsGerly)
INITIAL - Initiakize Inputs
) 1.00€-0t
1.006-02 |
CAL - Calibrate Lamda 1008 1008432 !
&1 00604 | — sl | |
g w \
a.ooe-ns oM < |
w PAL i
E CAL2 - Calibeate Mx ] .00€-08 e R Lo0Ee0r
1.00E-G7
1.006-08
[ CAL3 - Calibrate Lamda & Mx J 1.00€-08 100400 !
5 o¥finciTon ok T X ¢ S0 g o Bl XX 30 ]
-
MODEL OUTPUT -
§) Run Plume Attenuation Length Macro "PAL"
Cs/Cgw* - attenuation factor at target concentration 3.49E+01
(Cs/Cgw” - AFpal{Cs/Cow*) -8.38E-05 Time to Reach
Steady State
PAL tm
PAL L]
M1 <1
PAL - Plume Attenuation Length [ft] 740 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.25 M3 <1
R - Distance to Nearest Receptor Location [ft] 477 Receptor is wiin PI|R 5
1) Receptor Attenuation
AFT - Attenuation Factor at Receptor 1.84E+01
Cr - Concentration at Receptor {mg/1} 8.17E-02 Exceeds Target
Cgw* - Target Concentration [mg/} 0.043
4) Input Coptaminant Data
$ - Solubifity Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/] 0.79
Cs - Source Concentration {mg/] 1.50 Source Reduction Rqrd
121087
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Plume Aftenuation Medel: FATE2

MODEL PARAMETER INPUT

i Attenuation Factor=Cs/C{x)

a

0 gnckPomBBurcély X0 =0

Input
n - Porosity [RA3/A3] 0.25
K - Hydrautic Conductivity [ft/day] 17.2
i - Groundwater Gradient [fift] 0.0069
lamda - attenuation rate [1/day] 0.535 Min
Mx - multiptier for longitudinal dispersivity [aipha-x = Mx*x] 0.1
My - multiplier for transverse dispersivity [alpha-y = My“alpha- 0.33
Mz - muitiplier for verticat dispersivity [alpha-z = Mz*aipha-x} 0.05
2} Input Source Data:
Cs - Source Cancentration [mg/] 8.17E-02
Y - source width perpendicular to groundwater flow [ft] 446
Z - source depth below water tabie [ft] 7
L. - farthest distance to be evaluated from source [ft] 3000
Monitoring Paint
Cm - cancentration at monitoring locations [mg/l]
M - Distance to Monitoring Locations {ft]
4) input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 301
Cgw" - Target Concentration {mg/l] 4.30E-02
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day) (.001 - 01) 0.5350 win {from celt B8)
Mx - multipker for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #0OIVIO!  #DIVIO!  #DIv/O!
Xm - Normalized concentration at location m 0.00E+00 ##tE 0.00E+00
Xm* - modseled normalized concentration at location m 0.00E+00 #HatHH: 0.00E+00
{1-Xm*/Xm)*2 0.00E+00 ##st### 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+Q0
’7 1.006400 Normalized Concentration 1.006+85
INITIAL - inkiafize Inputs L eor :::::
1.00E+70
1.00EC2 1.00E+6S
4.00E-03 1.00E+60
CAL - Calibrate Lamda 1006455
( ] Sr.00e-04 L Nodel 1.00E+50
= u} 00E+45
S0 L & .00E 40
a PAL 1.00E+35
[ CAL2 - Calibrate Mx J 1.006-06 a R 1.006+20
o =
1.00€-08 1.00E+15
1.00E+10
( CAL3 - Calibrate Lamda & Mx ] 1.00E-09 :zg
o JMfackTomBBurdh) 00 30 !
MODEL OUTPUT -
Cs/Cgw" - ion factor at target L 1.90E+00
{Cs/Cgw* - AFpal(Cs/Caw) -5.03E+08 Time to Reach
Steady State
{ ~ J (yr)
PAL <1
<1
PAL - Plume Attenuation Length [f] 54
PAU/L - Scaled Plume Attenuation Length 0.02
R - Distance to Nearest Receptor Location {ft] 301
AFr ~ Attenuation Factor at Receptor 1.78E+24
Cr - Concentration at Receptor [mg/l] 4 58E-26
Cgw" - Target Concentration [mg/l) 0.043
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/] >8
Cs - Source Concentration [mg/] 0.08

Runt12



Plume Aftenuation Model: FATE2

MODEL PARAMETER INPUT

X Input Min  Max
n - Porosity [ft*34t*3] 0.25 0.1 0.6
K - Hydraulic Conductivity [ft/day] 17.2 0.0t 100
i - Groundwater Gradient [fft] 0.0069 0.0001 0.00
lamda - attenuation rate [1/day} 0 Min 0 0
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx"x] 0.1 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My*aipha- 0.33 0.1 0.3333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 01
2 Input Source Data:
Cs - Source Concentration [mgfl] 1.65E+01
Y - source width perpendicular to groundwater flow [ft] 122
Z - source depth below water table [f) [
L - farthest distance to be evaluated from source {ft] 3000
3) Input Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations {mg/l]
M - Distance to Monitoring Locations [ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [fi] 53
Cgw* - Target Concentration [mg/t] 4.30E-02
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01} 0.0000 Min (from cell B88)
Mx - muttiptier for longitudinal dispersivity [alpha-x = Mx"x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #DIV/Ot  #DIV/O!  #DIVIO!
Xm - Narmalized concentration at focation m 0.00E+00 #HH### 0.00E+00
Xm* - modeted narmalized concentration at location m 0.00E+Q0 ##HHt### 0.00E+00
(-XmeXmy*2 O.00E+Q0 ###s# 0.00E+00
Sum of Squares {1-Xm*Xm*2 0.00E+00
1006400 Nomnalized Concentration 1006404 r__Mtﬂs_&m____
INITIAL - Initiakze Inputs
1.00E-01
1.00E-02
1.00E+03
CAL - Calibrate Lamda J 100803
Q.ooeu T aodet T odel |
Zrooe0s oM 2 00ee oM
( n PAL u PAL
L CAL2 - Calibrate Mx 100606 . R = R
1.006-07 1.00E+01
1.00€-08
r CALY - Calibrate Lamda & Mx j 100608 1 a0ee00
S ciiokisiioiiod SN 0 W BB Rd ) X B
MODEL OUTPUT -
Cs/Cgw" - attenuation factor at target concentration 3.B4E+02
(CS/Cgw” - AFpal/(Cs/Cgw) -2.12E-05 Time to Reach
Steady State
PAL o9
PAL 15
M1 <1
PAL - Plume Attenuation Length [ft] 1316 M2 <1
PALA - Scaled Plume Attenuation Length 0.44 M3 <t
R - Distance to Nearest Receptor Location [f] 53 Receptor is w/in PIjR <
7) Receptor Attenuation
AFr - Attenuation Factor at Receptor 2.33E+00
Cr - Concentration at Receptor [mg/] 7.07E+00 Exceeds Target
Cgw* - Target Concentration [mag/t] 0.043
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/] 0.10

Cs - Source Concentration {mgn}j

Run113
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

N Input Min  Max
= n - Porosity {ftA3/ft*3] 0.25 0.1 0.6
: K - Hydraulic Conductivity {ft/day} 17.2 0.01 100
i - Groundwater Gradient [ftft] 0.0063 0.0001 0.01
famda - attenuation rate [1/day] 0.535 Min 0535 0535
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333
Mz - muitiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2) Input Source Data:
Cs - Source Concentration [mg/} 7.07E+00
R Y - source width perpendicular to groundwater flow [ft] 122
Z - source depth below water table {ft] 6
) L - farthest distance to be evaluated from source [ft] 3000
. Monitaring Paint
: Cm - concentration at monitoring locations [mg/]
. M - Distance to Monitoring Locations [ft)
4} input Receptor Data:
. R - Distance to Nearest Receptor Location [ft] 181
I Cgw* - Target Concentration {mg/l] 4.30E-02
MODEL CALIBRATION
$) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 -.01) 0.5350 Min ({from cell B8)
Mx - multiplier for longitudinal dispersivity {alpha-x = Mx"x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #DIV/IO!  #OW/O!  #DIV/OL
Xm - Normalized concentration at location m 0.00E+00 ##i#H 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 #HHHHH# 0.00E+00
{1-Xm*Xm)*2 0.00E+00 ####### 0.00E+0C0
Sum of Squares {1-Xm*/Xm)*2 0.00E+00
!
1.00E900 ized C 1ooEees —__ Aftenuation Factor=Ca/C(x) :
INITIAL - Initiaiize Inputs 1.00E +80
1.006-01 1006475
1.00E+70 ,
1.00€-02 1.006+65
1.00€ +60
CAL - Cakbrate Lamda 10EE 1.00€+55
00604 ol 1.00€+50
= Wl O0E+4S
5o0e-05 .| @ 00€+40
w PAL 1.00€+35 |
( CALZ2 - Calibrate Mx J 1.00€-06 e R 1.00£+30
1.00€+25
1.006-07 1.006+20
1.00E+15
4 1ooe0 1.006+10
L CAL3 - Caiibrate Lamda & Mx 1.00€-09 Bpeired
[} 500 m 3000 3500 a
Onciffor BBurcE Ty e
MODEL OUTPUT -
6) Run Plume Attenuation Length Macro "PAL™
Cs/Cgw® - ion factor at target ¥ 1.64E+02
(Cs/Cqw* - AFpaD{Cs/Cgw™) -5.79E-04 Time to Reach
< Steady State
PAL o0
X PAL <1
M1 <1
PAL - Plume Attenuation Length [ft] 7 M2 <1
PALA - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [ft] 181 R <1
1) Receptor Aftenuation
AFr - Attenuation Factor at Receptor 3.43E+18
s Cr - Concentration at Receptor [mg/1} 2.06E-18
Cpw* - Target Concentration [mg/] 0.043
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/) 1750
Y R - Retardation Factor 2
Cs* - Maximum Source Concentration (mg/l] >$S
Cs - Source Cancentration [mg/] 7.07

Sheit Development Co. Runi14 1211097




Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1)input Flow Mode] Parameters: Input Min  Max
n - Porosity [ft*3/t*3] 0.25 0.1 a6
K - Hydraulic Conductivity [fi/day] 17.2 0.0t 100
i - Groundwater Gradient [fft] 0.0069 0.0001 0.01
lamda - attenuation rate {1/day] 0 Min o o
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x} 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x} 0.05 0.0125 0.1
2) Input Source Data:
Cs - Source Concentration {mg/1] 1.50E+00
Y - source width perpendicular to groundwater flow [ft] 122
Z - source depth below water table [fi] 6
L - farthest distance to be evaiuated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/}
M - Distance to Monitoring Locations [ft]
4} Input Receptor Data:
R - Distance to Nearest Receptor Location [fi] 53
Cgw* - Target Concentration [mg/l] 4.30E-02
MODEL CALIBRATION
5) Run Calibration Macros
jamda - attenuation rate [1/day] (.001 - .01) 0.0000 Min (from call B8)
Mx - multiplier for longitudinal dispersivity {afpha-x = Mx%} (0.  0.1000 (from cell B9}
AFm - attenuation factor at location m #DIVIO!  #DIVIO!  #DIV/O!
Xm - Nommalized concentration at location m 0.00E+00 ####### 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ####3#4k¢ 0.00E+00
(1-Xm*rXm)*2 0.00E+00 #tiHHH 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
-
[ j 1.00€+00 Normalized Cancentration 1.00E+404 - Attenuation Factor=Cs/C{x}
INITIAL - inkiakze Inputs
1.00E-01
1.00E-02
1.00E+3
[ CAL - Calibrate Lamda ] 10003
g.onsos oM S 00eec2 oM i
m PAL » PAL
CAL2 - Calibrate Mx 1.006-06 - R . R |
1.00E-07 1.00€+01
1.00€-08
[ CALJ - Calibrate Lamda & Mx 1.00€-09 1008400
j P F oMo By T 0 W R Rl 2O B0
MODEL OUTPUT -
Cs/Cgw* - attenuation faclor st target concentration 3.49E+D1
(CsICgw" - AFpaf)/(Cs/Caw™) 4.97E-D4 Time to Reach
Steady State

e
PAL o
L PAL 4
M1 <1

PAL - Plume Attenuation Length [ft] 385 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.13 M3 <1
R - Distance to Nearest Receptor Location [ft] 53 Receptor is wiin Pt|R <1
AFr - Attenuation Factor at Receptor 2.33E+00

Cr - Concentration at Receptor [mg/] 6.43E-01 Exceeds Target

Cgw" - Target Concentration {mg/1} 0.043

8} Input Contaminant Data

S - Solubility Limit of Contaminant (mg/1) 1750

R - Retardation Factor 2

Cs* - Maximum Source Concentration {mg/i] 0.10

Cs - Source Concentration [mg/l] 1.50 Source Reduction Rqrd

Runt15 12noE7



Plume Aftenuation Model: FATE2

MODEL PARAMETER INPUT

H Input Min  Max
n - Porosity [R*3/t*3] 0.25 0.1 0.6
K - Hydraulic Conductivity [fi’day] 17.2 0.01 100
i - Groundwater Gradient [fUft] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.535 Min 0.535 0535
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02
My - multipiier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2) Input Source Data:
Cs - Source Concentration [mg/) 6.43E-01
Y - source width perpendicular to groundwater flow [fi] 122
Z - source depth below water table [ft] 6
L - farthest distance to be evaluated from source [ft] 3000
3) Input Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monitoring Locations [ft]
R - Distance to Nearest Receptor L.ocation [ft] 181
Cgw" - Target Concentration [mg/l] 4.30E-02
MODEL CALIBRATION
lamda - attenuation rate [1/day) (001 - .01) 0.5350 Min (from cell B8)
Mx - multiplier for longitudinal dispersivity {alpha-x = Mx*x} (0. 0.1000 (from cell BS)
AFm - attenuation factor at location m #DIVIO!  #DIVIO!  #DIV/O!
Xm - Normalized concentration at location m 0.00E+Q0 ##EHHH# 0.00E+00
Xm* - modeled normalized concentration at location m Q.00E+00 #####4# 0.00E+00
(1-XmvXmy*2 0.00E+00 ##H### 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
[ o O
N 1.006+00
INITIAL - Initialize Inputs 100601
1.00E-02
( 1.00E-03
1 CAL - Calibrate Lamda
¢ éﬁ_meo«
5 me0s
L CAL2 - Calibrate Mx j 1.00608
1.00E-07
f 1.00E-08
| CAL3-Calibrate Lamda & Mx J 1.006-08
0 0 RRnckfomBHurc Ry 00 30 l

MODEL OUTPUT -

6) Run Plume Attenuation Length Macro “PAL”

Cs/Cgw* - factor at target i 1.50E+01
(Cs/Cow™ - AFpal/(Cs/Caw) -1.30E-04
PAL - Plume Attenuation Length (i) 3
PALA - Scaled Plume Attenuation Length 0.00
R - Distance to Nearast Receptor Location ft} 181
7) Receptor Attenuation

AFr - Attenuation Factor at Receptor 3.43E+18
Cr - Concentration at Receptor [mg/1] 1.88E-19
Cgw* - Target Concentration {mg/] 0.043
8] Input Contaminant Data

S - Solubility Limit of Contaminant (mg#) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/] >8
Cs - Source Concentration [mg/} 064

Shell Development Co.

1.00E+85 ,

1.006+80
1.00E+75
1.00€+70
1.00E+65
1.00E +60
1.006+55
1.00€+50¢
Wl 00E+45
<2 00E+40
1.006+35
1.00E+30
1.00E+25
1.00E+20
1.00€+15
1.00€+10
1.006405
1.00€+00

Time to Reach
Steady State
(V]
PAL <1
M1 <1
M2 <1
M3 <1
R <1

Runt1@

121087



Sheil Deveiopment Co

Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

loput Min  Max
n - Porosity [f13/t"3] 0.25 01 0.6
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient [fft] 0.0069 0.0001 0.0t
lamda - attenuation rate {1/day] 0 Min . o] e}
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02
My - multipkier for transversa dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - multipier for verticai dispersivity {alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
Cs - Saurce Concentration [mg/) 6.43£-01
Y - source width perpendicutar to groundwater flow [fi] 122
Z - source depth below water table [f] 6
L - farthest distance to be evaluated from source {ft} 3000
3k Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/T}
M - Distance to Monitoring Locations {fi]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 181
Cgw* - Target Concentration [mg/] 4.30E-02
MODEL CALIBRATION
lamda - attenuation rate [1/day] {001 - .01) 0.0000 Min {from cell B8)
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx"x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #DIV/O!  #DIVIO!  #DIV/O!

0.00E+00 ##H### 0.00E+00

Xm - Normalized concentration at location m
Xm* - modeled nomalized concentration at location m
(-XmeXm)*2

R 0.00E+00
HHEREEE 0.00E+00

0.00E+00
0.00E+00

Sum of Squares (1-Xm*/Xm)*2 0.00E+00
[ ] 1008400 Hormalizes Goncantration vookeos ___ Attenuation Factor=Cs/Clx)
INITIAL - Initialize Inputs
1.00E-T1
1.006-02 ! 100603
E CAL - Calibrate Lamda 7 10080 1
J gws-m ey p—rn
Z.ooe05 M s 00E 42 oM
n PAL w PAL .
CAL2 - Calibrate Mx 1.006-08
® R | "R
1.00E-07 . 1.00€+01
1.00E-08 1
[ CAL3 - Calibrate Lamda & Mx J 1.00E-02 ‘ 1 00E+00
P T OBacRor SRy < <P R e |
MODEL OUTPUT -
Cs/Cgw* - attenuation factor at 1arget concentration 1.50E+01
(CSICQw" - AFpal)/(CS/ICgw™) -1.25E-05 Time to Reach
Steady State
PAL on
PAL 3
M1 <4
PAL - Plume Attenuation Length [ft] 241 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.08 M3 <t
R - Distance to Nearest Receptor Location [ft] 181 Receptor is w/in PI{R 2

1) Receptor Attenuation

AFr - Attenuation Factor at Receptor 9.37E+00
Cr - Concentration at Receptor [mg/] 6.86E-02 Exceeds Target
Cgw* - Target Concentration {mg/] 0.043
£) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
0.40

Cs* - Maximum Source Concentration [mg/l]

Cs - Source Concentration {mg/] 0.64 Source Reduction Rqrd

Run117
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

Input

n - Porosity [f**3M43] 0.25
K - Hydraulic Conductivity [f/day] 17.2
i - Groundwater Gradient [ft/ft] 0.0069
lamda - attenuation rate [1/day] 0
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1
My - multiplier for transverse dispersivity {alpha-y = My*alpha- 0.33
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05
2} Input Source Data:
Cs - Source Concentration [mg/} 16.5
Y - source width perpendicular to groundwater flow [t} 264
Z - source depth below water table {ft] 18
L - farthest distance to be evaluated from source [} 3000
Monitoring Point
Cm - concantration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft]
4)Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 50
Cgw* - Target Concentration [mg/] 4.30E-02
MODEL CAL!BRATION
5) Run Calibration Macros
lamda - attenuation rate {1/day] (.001 - .01} 0.0000
Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx*x] (0. 0.1000
AFm - altenuation factor at location m #DIVIO!

0.00E+00

Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m 0.00E+00

Min  Max

0.1 0.6

0.01 100

0.0001 0.01

Min 0 0
0.05 0.2

0.1 0.3333

0.0125 0.1

Min {from cell 88)
{from celi 89)
#DIVIO!  #DIV/O!
#HHHER 0.00E+00
R 0.00E+00

(1-Xm*Xmy*2 0.00E+00 ##Ht#itt 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
[ B { 1.008+00 Normalized Concentration 100643 . Attenuation Factor=Cs/C{x)
INITIAL - Indiakze Inputs J
1.00E-01
u
1.00E-02
N e " 1.00€+02 j
CAL - Calibrate Lamda -
BIre. — S
= w
! % ooe0s L <
o = PAL
CAL2 - Calibrate Mx 100606 . R 1.00€+01
1.00E-07 I
1.00E-08
[ CAL3 - Calibrate Lamda & Mx ] 1.006-08 .
0 'ml f m 4000 -
nce Source W o 1“‘:!!:5 'rmsoum m 40
MODEL OUTPUT -
§) Run Plume Attenuation Length Macro "PAL™
CsfCgw® - jon factor at target i 3.84E+02
(Cs/Cgw* - AFpall(Cs/Cow?) -1.87E-05 Time to Reach
Steady State
PAL [
[ ) w
M1 <1
PAL - Piume Attenuation Length [ft] 3354 M2 <1
PALA - Scaled Plume Attenuation Length 1.12 M3 <1
R - Distance to Nearest Receptor Location [ft] 50 Receptor is wfin PijR <1
AFr - Attenuation Factor at Receptor 1.08E+Q0
Cr - Concentration at Receptor [mg/] 1.53E+01 Exceeds Target
Cgw* - Target Concentration [mg/] 0.043
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mgh} 0.05
Cs - Source Concentration [mg/l] 16.50 Source Reduction Rqrd

Shell Deveiopmant Co.

Runtta
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1}Input Flow Model Parameters: Input Min  Max
n - Porosity [ft"3/*3] 0.25 01 06
K - Hydraulic Conductivity {ft/day} 17.2 0.01 100
i - Groundwater Gradient [f/ft) 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0 Min [} 0
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02
My - multiplier for transverse dispersivity [aipha-y = My*alpha- 0.33 0.1 03333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x| 0.05 0.0125 0.1
2)Input Source Data:
Cs - Source Concentration [mg/} 1.53E+01
Y - source width perpendicular to groundwater fiow (ft) 264
Z - source depth below water table [ft} 18
L - farthest distance to be evaluated from source [fi] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distanca to Monitoring Locations [ft]
R - Distance to Nearest Receptor Location [ft) 150
Cgw" - Target Concentration [mg/] 4.30E-02
MODEL CALIBRATION
§) Run Calibration Macros
tamda - attenuation rate {1/day] (.001 - .01) 0.0000 Min (from cell BB)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x} (0. 0.1000 . {from cell B9)
AFm - attenuation factor at location m #DIVIO!  #DIVAO!  #Div/O!
Xm - Nommalized concentration at location m 0.00E+00 ##HH# 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 #tititic 0.00E+00
(1-XmYXm)*2 0.00E+00 WHHHEH# 0.00E+00
Sum of Squares (1-Xm*/Xm}*2 0.00E+00
1008400 < - 100Eaa —— Attenuation Factor=CeClx})
INITIAL - initialize Inputs
1.00E-01
1.00E-12 =
e L]
CAL - Calibrate Lamda 008 1.00€402
G1.00e-04 L
5 00E-06 % -m
L CAL2 - Caiibrate Mx 1.00e-08 1.00€+01 : :L
1.008-07
{ 1.00E-08
k CAL3 - Calibrate Lamda & Mx J .006-08 _—
0 500 3000 3500 h
o ZBrci Ty O ko Bed ) T 20
MODEL OUTPUT -
6) Run Plume Attenuation Length Macro "PAL”
Cs/Cgw" - sttenuation factor at target concentration 3.56E+02
(Cs/Cow* - AFpal/(Cs/Cow*) 7.31E-04 Time to Reach
Steady State

PAL w
PAL ar
M1 <1

PAL - Plume Attenuation Length [t} 3228 M2 <t
PAL/L - Scaled Plume Attenuation Length 1.08 M3 <t
R - Distance ta Nearest Receptor Location [ft] 150 Receptor is wiin PI{R 2
1) Receptor Altepuation

AFr - Attenuation Factor at Receptor 2.22E+00

Cr - Concentration at Receptor {mg/] 6.90E+00 Exceeds Target

Cgw" - Target Concentration [mg/) 0.043

§ - Solubility Limit of Contaminant (mg/l) 1750

R - Retardation Factor 2

Cs* - Maximum Source Concentration [mg/i} 0.10

Cs - Source Concentration [mg/] 15.30 Source Reduction Rqrd

Shall Developmant Co. Run11g 12noe?



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

Input
n - Porosity [RA3/tA3] 0.25
K - Hydraulic Conductivity [f/day] 17.2
i - Groundwater Gradient [ft/ft) 0.0069
lamda - attenuation rate [1/day] 0 Min
Mx - muitiplier for longitudinal dispersivity [aipha-x = Mx"x] 0.1
My - muitiplier for transverse dispersivity [alpha-y = My*alpha- 0.33
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05
2)Input Source Data:
Cs - Source Concentration {mg/) 0.006
Y - source width perpendicular to groundwater flow [ft] 264
2 - source depth below water table [ft] 18
L - farthest distance to be evaluated from source [ft] 3000
) Input Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft]
4) input Receptor Data:
R - Distance to Nearest Receptor Location {ft] 301
Cgw" - Target Concentration [mg/l} 2.96E-05
MODEL CALIBRATION
$) Run Caiibration Macros
tamda - attenuation rate [1/day] (.001 - .01} 0.0000 Min (from celt B8)
Mx - multiplier for longitudinal dispersivity {alpha-x = Mx*x] (0. 0.1000 {from cell B9Y)
AFm - attenuation factor at location m #DIV/Q!  ¥DIVIO!  #ODIVIO!
Xm - Normalized concentration at location m 0.00E+00 ik 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ##Hr 0.00E+00
{(1-Xm*Xm)2 0.00E+00 Mt 0.00E+00
Sum of Squares (1-Xm*/Xm}*2 0.00E+00
y
[ J 1.00E400 c 1006403 | Aftenuation Factor=Cs/C{x}
INITIAL - initialize inputs
1.00e-01
1.006-02
[ CAL - Calbrate Lamda j 1oem 100842 |
E"mi« — Model { —— Mode! ‘,
Hooecs L] H oM ’ |
[ K - ] s _— e |
CAL2- Catibrat . R i 1.00£+01 i
1 o0e0? — R ]
1.00€-08
[ CAL3 - Calibrate Lamda & Mx J 1.00€-09 1.00€+00 |
ST OB oty 0 < © W B fomBBrci ) O =
MODEL OUTPUT -
Cs/Cgw* - attenuation facior at target concentration 2.03E+02
(CS/Cow* - AFpal/(CS/Ggw™) 1.96E-05 Time to Reach
Steady State
PAL o
PAL 28
M1 <1
PAL - Plume Attenuation Length {ft} 2433 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.81 M3 <1
R - Distance to Nearest Receptor Location |[ft] 301 Receptor is wiin PI[R 3
1) Regeptor Attenuation
AFT - Attenuation Factor at Receptor 4 66E+00

- Cr - Concentration at Receptor (mg/1]

Cgw* - Target Concentration [mg/1] 0.0000296
8) Input Contaminant Data

S - Salubility Limit of Contaminant (mg/) 1750
R - Retardation Factor 2
Cs*® - Maximum Source Concentration [mg/l] 0.00

Cs - Source Concentration [mg/l]

1.29E-03 Exceeds Target

0.01 Source Reduction Rqrd

Run201
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1)input Fiow Mode| Parameters: Input Min  Max
n - Porosity [ft"3/t*3] 0.25 0.1 06
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient [f/ft] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.0549 Min 0.0545 0.0549
Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx*x] 0.1 Q.05 02
My - muitiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
H NOTES:
Cs - Source Concentration [mg/] 1.29E-03 . _
Y - source width perpendicular to groundwater flow {{) 264 This nun simulates benzene fram the source at qpns best case scenario.
Z - source depth below water table [fi) 18
L - farthest distance to be evaluated from saurce [ft] 3000
3 Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monitoring Locations [ft]
R - Distance to Nearest Receptor Location [ft) 201
Cgw” - Target Concentration [mg/] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0549 Min (from cell B8)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #DIVIO!  #DIVIO!  #DIV/O!
Xm - Normalized concentration at location m Q.00E+00 #¥###4# 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+QQ ###Hi### 0.00E+00
(1-XmeXm)2 0.00E+00 #tiHHH 0.00E+00
Sum of Squares (1-Xm*“/Xm)*2 . 0.00E+00
1.006%00 Nonmalized Concantration 1008426 | Attenuation Factor=Cs/Cix
INITIAL - Indtialize Inputs 100601 1.006+24
- 1.006+22
1.00€.02 1006420
1.00E-03 1.00E+18
( CAL - Cakibrate Lamda J 10018
g.‘ Sk T Mocel ) 006414
Boecs oM < 00e+12
( CAL2 - Calibrate Mx 100806 . :‘“ 1006410
1.00E+08
100607 1.00E+08
1.006-08 1.00E+04
[ CAL3 . Calibrate Lamda & Mx 1.008-09 :x::
] 500 3000 300 :
] Ol Hom $Bur 0 e T
MODEL OUTPUT -
Cs/Cgw* - attenuation factor at target concentration 4 36E+1
(Cs/Cgw" - AFpan/(Cs/Cow) 1.60E-05 Time to Reach
Steady State
PAL o0
PAL <1
M1 <1
PAL - Plume Attenuation Length [ft] 44 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.0t M3 <1
R - Distance to Nearest Receptor Location [ft] 201 R <1
7) Receptor Attenuation
AFr - Attenuation Factor at Receptor 1.83E+05
Cr - Concentration at Receptor [mg/f) 7.04E-09
Cgw" - Target Concentration [mg/{] 0.0000296
) lnput Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/[] 542
Cs - Source Concentration [mgfl] 0.00

Run202
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1} Input Flow Model Parameters: input Min  Max
n - Porosity {fA3/ftA3] 0.25 01 06
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient [fift} 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0 Min 0 0
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.4 0.05 02
My - muitiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2} Input Source Data: NOTES:
Cs - Source Concentration [mg/l} 0.0005
Y - source width perpendicular to groundwater flow [ft] 264 I This run simulates benzene from the source at qpns best case scenaria.
Z - source depth below water table [ft] 18
L - farthest distance to be evaluated from source [ft] 3000
3)Input Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Lacation {ft) 301
Cgw* - Target Concentration {mg/] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0000 Min {from cell BB)
Mx - multiplier for fongitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 {from cell B9)
AFm - attenuation factor at location m #DIV/IO!  #DIVIQt  #DIVIO!
Xm - Normalized concentration at location m 0.00E+Q0 #tHERE 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ####### 0.00E+00
(-Xme/Xm)2 0.00E+00 M 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
e J 1.008+00 Normalized Concentration 100E+C3 - Attenuation Factor=Cs/C(x)
0 INITIAL - initialize Inputs
l 1.00€-01
1.00E-02
CAL - Calibrate Lamda 1003 1.006902
i\.ms-m T hodel
5 .00e-05 oM H
j o = PAL
CAL2 - Calibrate Mx J 1.006-06 . R 1 00E%01
1.00607
1.00E-08
L CAL2 - Calibrate Lamda & Mx j 1.006-09 .
P e oSl 2 > | O W o 0 0
MODEL QUTPUT -
6) Run Plume Attenuation Length Macro “PAL"
Cs/Cgw- - factor at larget 0 1.6SE+01
{Cs/Cgw™ - AFpal/{Cs/Cgw™) -3.14E-04 Time to Reach
Steady State
PAL o
PAL [
M1 <1
PAL - Plume Attenuation Length (ft] 672 M2 <1
PALA - Scaled Plume Attenuation Length 022 M3 <1
R - Distance to Nearest Receptor Location [f] 301 Receptor is wiin Pi|R k]
1) Receptor Attenuation
AFr - Attenuation Factor at Recaptor 4.66E+00
Cr - Concentration at Receptor [mg/} 1.07E-04 Exceeds Target
Cgw" - Target Concentration [mg/] 0.0000296
8) Input Contaminant Data
$ - Sotubility Limit of Contaminant (mg/l} 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/l] 0.00
Cs - Source Concentration [mg/l] 0.00 Source Reduction Rqrd

21097



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

input

n - Porosity [ft3/ftA3] 0.25
K - Hydraulic Conductivity [fi/day] 17.2
i - Groundwater Gradient [f/ft] 0.0069
lamda - attenuation rate [1/day] 0.0549
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1
My - mulitiplier for transverse dispersivity [alpha-y = My*alpha- 0.33
Mz - muitiplier for vertical dispersivity {alpha-z = Mz*alpha-x] 0.05
2} Input Source Data:
Cs - Source Concentration [mg/l] 1.07E-04
Y - source width perpendicular to groundwater flow [ft] 264
Z - source depth below water table [ft] 18
L - farthest distance to be evaluated from source ft] 3000
Monitoring Point
€m - concentration at monitoring locations [mg/I]
M - Distance to Monitoring Locations [ft]
4) input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 201
Cgw* - Target Concentration [mg/] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate {1/day] (.001 -.01) 0.0549
Mx - multipfier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000
AFm - attenuation factor at location m #DIVIO!

0.00E+Q0

Xm ~ Normalized concentration at location m

Xm* - modeled normalized concentration at focation m
(1-XmeXmy*2

Sum of Squaras {1-XmXm)*2

0.00E+00
0.00E+00
Q.00E+00

Min  Max
0.1 06
0.01 100
00001  0.01
Min 0.0549 0.0549
0.05 0.2
0.1 0.3333
0.0125 01
Min (from cell B8)

(from cell BS)

#DivVIOl  #DIVIO!

BB 0.00E+00
#iHEAHE: 0.00E+00
#itHitEE 0.00E+00

Is 1.00E+00 Normailized Concentration 1.00E2 . Attenuation Factor=Cs/C{x]
:, INITIAL - Initiakize Inputs 100601 1.00E+24
. 1.00E+22
1.006-02 1.00€+20
N 1.006-03 1.00E+18
[ CAL - Calibrate Lamda J . 100E+16
()1.00E-04 —— Modei P
.E o u ) O0E+14
o'-00e-08 . % 00E+12 * M
GAL2 - Calibrate Mx 1.002.08 e 1008010 = AL
1.00€+08 ® R
1.00E-07 1.006406
1.00E-08 1.00E+04
[ CAL3 - Calibrate Lamda & Mx } 1.008-09 1‘:::
P OMnciforBRurcky X0 = { O W S andom By °
MODEL OUTPUT T
Cs/Cgw® - facior at target 3.61E+00
(Cs/Cgw* - AFpal)/(Cs/Cgw*) 8.16E-04 Time to Reach
Steady State
PAL g
PAL <1
M1 <
PAL - Plume Attenuation Length [ft] 13 M2 <t
PAL/L - Scaled Piume Altenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [ft] 201 R <1
AFr - Attenuation Factor at Receptor 1.83E+05
Cr - Concentration at Receptor {mg/1) 5.84E-10
Cgw* - Target Concentration [mg/l] 0.0000296
8) input Contaminant Data
S - Solubility Limit of Contaminant (mg/l} 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/1} 542
0.00

Cs - Source Concentration [mg/l]

Shell Deveiopment Co.

12107
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
1} Input Flow Model Parameters: Input Min  Max
n - Porosity [t*3/t*3] 0.25 0.1 0.6
K - Hydrautic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient [ft/ft] 0.0069 0.0001 0.01
lamda - attenuation rate {1/day] 0 Min 0 0
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx™x] 0.1 0.05 0.2
My - muitiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333
Mz - multiplier for vertical dispersivity [alpha-z = Mz"alpha-x] 0.05 0.0125 0.1
Cs - Source Concentration [mg/1} 6.00E-03
Y - source width perpendicular to groundwater flow [ft] 227
Z - source depth below water tabie [ft] 5
L - farthest distance to be evaiuated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations {mgf]
M - Distance to Monitoring Locations [ft]
R - Distance to Nearest Receptor Lacation [ft] 261
Cgw* - Target Concentration [mgf] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros_
famda - attenuation rate {1/day] (.001 - .01} 0.0000 Min {from cell B8}
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx"x] (0. 0.1000 (from celt B9)
AFm - attenuation factor at location m #DIV/IO!  #DIVIO!  #DIVIO!
Xm - Normalized concentration at location m 0.00E+00 ###### 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ##HH### 0.00E+00
(1-XmXmp2 0.00E+00 ##### 0.00E+00
Sum of Squares {1-Xm*/Xm)*2 0.00E+00
f
w : 1.00E+00 Normalized Concentration R Attenuation Factor=Cs/C(x) |
INITIAL - Initiakize Inpuis 1
i 1.00E-01
_J
1.00€-02
1.00E+03 .
[ N \ 1.006-03
CAL - Calibrate Lamnda 1 ‘
_ '2 OOE-04 o Nodel v
Booeos oM QW em | ’
» PAL = PAL
[ CAL2 - Calibrate Mx J 1.00€-08 a R
s R
1.00E-07 1.00€+01
1.00€-08
[ CAL3 - Calibrate Lamda & Mx J ;100809 1.00E+00
\' P % oBfincior Sty 22 20 O om0
MODEL OUTPUT -
CsiCgw* - factor at target i 2.03E+02
(Cs/Cgw* - AFpani(Cs/Caw?) -1.06E-04 Time to Reach
— Steady State
PAL o
PAL 14
M1 <1
PAL - Plume Attenuation Length ft] 1180 M2 <t
PAL/L - Scaled Plume Attenuation Length . 039 M3 <1
R - Distance ta Nearest Receptor Location [ft] 261 Receptor is wiin PI[R 3
AFT - Attenuation Factor at Receptor 1.44E+01
Cr - Concentration at Receptor [mg/l] 4 16E-04 Exceeds Target
Cgw* - Target Concentration [mg/} 0.0000296
$ - Solubility Limit of Contaminant (mg/1) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/i} 0.00

Cs - Source Concentration {mg/l}

Shell Development Ca.

Run205

0.01 Source Reduction Rqrd
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1} input Flow Mode! Parameters: Input
n ~ Porosity [fR*3M*3) 0.25
K - Hydraulic Conductivity [ft/day} 17.2
i - Groundwater Gradient [ft/fi} 0.0069
lamda - attenuation rate [1/day} 0.0549 Min
Mx - mutltiplier for longitudinal dispersivity {alpha-x = Mx*x] 0.1
My - mubiplier for transverse dispersivity (alpha-y = My*alpha- 0.33
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05
2) Input Source Data:
Cs - Source Concentration [mg/l] 4.16E-04
Y ~ source width perpendicular to groundwater flow [ft} 227
Z - saurce depth below water table (ft) 5
L - farthest distance to be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/}
M - Distance to Manitoring Locations [ft]
4) input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 276
Cgw* - Target Concentration [mg/} 2.96E-05
MODEL CALIBRATION
§) Run Calibration Macros
lamda - attenuation rate {1/day] (.001 - .01) 0.0549 Min {from cell B8)
Mx - multiplier far longitudinal dispersivity {alpha-x = Mx*x] (0. 0.1000 (from celi BY)
AFm - attenuation factor at location m #DIVIOt  #DIVIO!  #DIVIO!
Xm - Normalized concentration at location m 0.00E+00 ######4 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ####t4# 0.00E+CO
(1-Xm*Xm)*2 0.00E+00 #4###### 0.00E+00
Sum of Squares (1-Xm*Xm)*2 0.00E+00
i [of
1.00€+00 1.00€+28
( INITIAL - initiakze Inputs J To0eat 1006425
| 1.00E+24
1.00E-02 1.00E+22
1.00E+20
CAL - Calibrate Lamda )| s 100618
J 500604 1.00€+16
g.me 05 ﬁ ODE+14
1.00€+12
CAL2 - Calibrate Mx 1.00€-08 1.006+10
1.006-07 1.00e+08
1.00€ +06
1.00€-08 1.00E+04
CALA - Calibrate Lamda & Mx 1.00€-08 ::::
o %0 Bk FomBRurcy 00 B0 )

MODEL OUTPUT

Cs/Cgw" - attenualion factor at target concentration 1.41E+01
{Cs/Cgw™ - AFpaly/(Cs/Cgw*) -1.88E-04

[ " ]

PAL - Pluma Attenuation Length [ft] 24
PALAN - Scaled Plume Attenuation Length 0.01
R - Distance to Nearest Receptor Location [ft} 276
AFr - Attenuation Factor at Receptor 1.20E+07
Cr - Concentration at Recaptor [mg/l] 3.48E-11
Cgw* - Target Concentration [mg/} 0.0000296
8) Input Contaminant Data

S - Solubitity Limit of Contaminant {mg/l} 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/l] 353.93
Cs - Source Concentration {mg/ 0.00

Shell Developrnect Ca.

Run206

. Attenuation Factor=Cs/C{x)

w PAL

Time to Reach
Steady State
o
PAL <1
M1 <t
M2 <1
M3 <1
R <1

121037



MODEL PARAMETER INPUT

n - Porosity [ft*3/t*3)

K - Hydraulic Conductivity {ft/day]
i - Groundwater Gradient [ft/ft)
lamda - attenuation rate [1/day]

Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x}]
My - multiplier for transverse dispersivity [alpha-y = My*alpha-
Mz - muitiplier for vertical dispersivity (alpha-z = Mz*alpha-x]

Cs - Source Concentration [mg/l]j

Y - source width perpendicular to groundwater flow [ft]

2 - source depth below water table [ft]

L - farthest distance to be evaluated from source |ft)

31 Input Menitering Paint Data:

Monitoring Paint

Cm - concentration at monitoring locations {mg/l}

M - Distance to Monitoring Locations {fi}
R - Distance to Nearest Receptor Locatian [ft]
Cgw* - Target Concentration [mg/]

MODEL CALIBRATION

lamda - attenuation rate [1/day] (.001 - .01}

Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx*x] (0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at location m

Plume Aftenuation Model: FATE2

Input Min  Max
0.25 01 06
17.2 0.01 100

0.0069 0.0001 0.01

0 Min 0 o

0.1 0.05 02

0.33 0.1 0.3333

0.05 0.0125 0.1
5.00E-04
Frag
5

3000

261
2.96E-05
0.0000 Min {from cell B8)
0.1000 (from cell BS)
#DIV/O!  #DIVIO!  #Div/0!

(1-XmXmy*2
Sum of Squares (1-Xm*Xm)*2 0.00E+00
r .
AT T < 1,006 408 1o AltENUAtiON FactorsCa/Cly)
INITIAL - Initialize Inputs |
J 1.006-01
1.008-02 ' -
1.00€ 403
[ CAL - Calibrate Lamda J _:mem ,
O1.00E-04 p—ve | .
= ~—— Model !
Brooeas oM Q00ee@ o«M ‘
’ = PAL u PAL [ i
CALZ - Cafibrate Mx 1.00E-08 . R i
a R
100607 1,006+ —
f 1.00€E-08
| CAL3 - Calibrate Lamda & Mx 1.00€-08 I
- $ T OB nchRomBHurcEy 0 = o Rden Bl 2
MODEL OUTPUT
Cs/Cgw* - tactor at target 1.69E+01
(Cs/Caw™ - AFpan/(Cs/Caw") -8.13E-04 Time to Reach
Steady State
PAL o
PAL 3
M1 <1
PAL - Plume Attenuation Length [ft) 293 M2 <1
PALL - Scaled Plume Attenuation Length 0.10 . M3 <1
R - Distance to Nearest Recsptor Location [ft] 261 Receptor is wiin PI|R 3
1) Receptor Attenuation
AFr - Attenuation Factor at Receptor 1.44E+01
Cr - Concentration at Receptor [mg/] 3.47E-05 Exceeds Target
Cgw* - Target Concentration {mg/] 0.0000296
8] Input Contaminant Data
S - Solubility Limit of Contaminant (mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/] Q.00
Cs - Source Concentration [mg/} 0.00 Source Reduction Rqrd
121097
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Shell Deveiopment Ca.

Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
1)input Fiow Mode] Parameters: Inpit Min  Max
n - Porosity [fiA3/M*3] 0.25 0.1 0.6
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient {fUft] 0.0069 0.0001 0.01
famda - attenuation rate [1/day] 0.0549 Min 0.0549 0.0549
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2} Input Source Data:
Cs - Source Concentration [mg/l} 3.47E-05
Y - source width perpendicutar to groundwater flow [ft] 227
Z - source depth below water table [ft}] 5
L - farthest distance to be evaluated from sourcs [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations {mg/t]
M - Distance to Monitoring Locations [fi]
4) input Receptor Data:
R - Distance to Nearest Receptar Location {ft} 276
Cgw" - Target Concentration [mg/f) 2.96E-05
MODEL CALIBRATION
§) Run Calibration Macros
lamda - attenuation rate {t/day) (.001 - .01} 0.0549 Min (from cell BB)
Mx - multiplier for longitudinal dispersivity {aipha-x = Mx*x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #OWV/O!  #DIVIO!  #DIVIO!
Xm - Normalized concentration at location m Q.00E+00 #sitits 0.00E+00
Xm* - madeled normalkzed concentration at focation m 0.00E+00 ##as#i# 0.00E+00
(1-Xm*/Xm)*2 0.00E+00 dsti## 0.00E+00
Sum of Squares (1-Xm*Xm)*2 0.00E+00
1.008000 c i tgoEes . Attenuation FactorsCs/Glx}
INITIAL - Initialize Inputs 100EGt 1.006+28
{ 1.00E+24
1.00E-02 i 1.00€+22
1.00603 I 1.00€+20
CAL - Calibrate Lamda | 1.00E+18
&1.00E04 ——Modet 1.00E+16 vyl
2 .00E05 - N U1.00E+14 .
o u PAL 1.00E412 x PAL
CAL2 - Catibrate Mx 1.006-08 . R 1.00€+10
1.006-07 1.00€+08 <R
1.00€ +08
1.00€-08 1.00E+04
L CALS - Calibrats Lamda & Mx 1.00€:09 :xg
o 500 3000 IS0 -
Ol Surc O W om0
MODEL OUTPUT -
Cs/Cow* - ion factor at larget i 1.17E+00
(Cs/Cgw" - AFpan/(Cs/Cgw™} -4.09E-05 Time to Reach
Steady State

PAL o0
PAL <1
M1 <1

PAL - Plume Attenuation Length [ft] 1 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Receptor Location [ft] 276 R <1
1) Receptor Attenuation

AFT - Attenuation Factor at Receptor 1.20E+07

Cr - Concentration at Receptor [mg/l] 2.90E12

Cgw" - Target Concentration [mg/l} 0.0000296

S - Solubility Limit of Contaminant (mg/1) 1750

R - Retardation Factor 2

Cs* - Maximum Source Concentration fmg/l} 353.93

Cs - Source Concentration [mg/l] 0.00

Run208 121087



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

N i Input
: n - Porosity [ftA3/t43] 0.25
i K - Hydraulic Conductivity {ft/day] 17.2
B i - Groundwater Gradient [ft/ft] 0.0069
lamda - attenuation rate [1/day] 0 Min
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x} 0.1
My - multiplier for transverse dispersivity {alpha-y = My“alpha- 0.33
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05
Cs - Source Concentration [mg/i} 6.00E-03
2 Y - source width perpendicular to groundwater flow [ft] 227
. Z - source depth below water table {ft] 5
N L - farthest distance to be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/l}
; M - Distance to Monitoring Locations [ft]
4) Input Receptor Data:
= R - Distance to Nearest Receptor Location [fi] 276
: Cgw* - Target Concentration [mg/] 2.96E-05
: MODEL CALIBRATION
5)Run Calibration Macros
lamda - attenuation rate {1/day] (.001 -.01) 0.0000 Min (from cell BS)
R Mx - multiplier for longitudinai dispersivity [alpha-x = Mx*x] (0. 0.1000 (from cell BS)
= AFm - attenuation factor at location m #DIVIO!  #DIV/O!  #Divio!
Xm - Normalized concentration at location m 0.00E+00 ##HHri# 0.00E+00
Xm* - modeied normalized concentration at location m 0.00E+00 #HHAHH 0.00E+00
{(1-Xm*7Xmy2 0.00E+00 ###HH 0.00E+00
Sum of Squares (1-Xm¥Xmy2 0.00E+00
- - ] )
( o 100640 Jao£eos _ Ammnuation FactorsCsiCix)
! INITIAL - Indiaze Inputs “o0e0n
.
1.006-02
\ 1.00E +03
( CAL - Calibate Lamda | oes
J g"tmeu [ Model p—P
S ooe0s L 2.00e-2 oM
[ CAL2 - Calibrate Mx J 1.006.08 i = PAL
a R - R
1.00€-07 1.00E+«0 [
( 1.00E-08
L CAL3 - Catibrate Lamda & Mx J 1.006-08 .
Lol 0 % SRR IO B0
MODEL QUTPUT -
Cs/Cgw” - attenuation facior at target concentration 2.03E+02
-1.50E-04 Time te Reach

{Cs/Cgw" - AFpaly/(Cs/Cow”)
Steady State

PAL om
PAL 14
M1 <1

PAL - Plume Attenuation Length [ft] 1180 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.39 M3 <t
R - Distanca to Nearest Receptor Location [ft] 276 Receptoris wiin Pi[R 3
AFr - Attenuation Factor at Receptor 1.56E+1

- Cr - Concentration at Receptor [mg/1] 3.86E-04 Exceeds Target
Cgw* - Target Concentration [mg/) 0.0000296

; 81 input Contaminant Data

% S - Solubility Limit of Contaminant {(mg/l) 1750

~o R - Retardation Factor 2

: Cs* - Maximum Source Concentration [mg/] 0.00
Cs - Source Concentration {mg/l] 0.01 Source Reduction Rqrd

Sheil Deveicpment Co. Run208 2187




Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

Sheil Development Co.

Run210

1) Input Flow Model Parameters: Input Min  Max
n - Porosity {ff*3M*3] 0.25 01 06
K - Hydraulic Conductivity {ft/day) 17.2 0.01 100
i - Groundwater Gradient {ft/ft] 0.0069 0.0001 0.01
_lamda - altenuation rate [1/day] 0.0549 Min 0.0549 0.0549
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx"x} 0.1 0.05 02
My - muttiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - muttiplier for vertical dispersivity {alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
Cs - Source Concentration [mg/i] 3.86E-04
Y - source width perpendicular to groundwater flow {ft] 446
Z - source depth below water table [ft) 7
L - farthest distance to be evaluated from source [ff) 3000
3)input Monitoring Point Data;
Monitoring Point
Cm - concentration at monitoring locations [mg/l
M - Distance to Monitoring Locations [fi]
4} Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 301
Cgw" - Target Concentration [mg/l) 2.96E-05
MODEL CALIBRATION
lamda - afttenuation rate [1/day] (.001 - .01) 0.0549 Min (from celt B8)
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from celt B9)
AFm - attenuation factor at location m #DIVIQ!  #DIVIO!  #DIV/O!
Xm - Normalized concentration at location m 0.00E+00 #HEHHAH# 0.00E+00
Xm* - modeled normalized cancentration at iocation m 0.00E+00 #¥s¥i## 0.00E+00
(1-Xm*/Xm)*2 0.00E+00 ###HH# 0.00E+00
Sum of Squares (1-Xm*/Xm}*2 0.00E+00
”_ 1.00€+00 ized C 1o0Ess  Attenuation Factor=Ca/Clx)
INITIAL - Initialize Inputs 100601 1.00E+26
1.00E+24
1.006-02 1.00E+22
1.00E+20
CAL - Calibrste Lamda J 1 ooeas 1.00E+18
g.me-m —— Madel 1.00E+16  Model ;
X 00605 oM Qo0 oM |
W ° u PAL 100612 u PAL |
CAL2 - Calibrate Mx || vooeos . R 1.00E+10
)1 ooeer 1.00€ 408 L S|
1.00E+06
1.00€-08 1.00E+04
CAL3 - Calibrate Lamda & Mx 1.006-08 o
% OFecfomIurchy >0 = T )
MODEL QUTPUT -
Cs/Cgw* - factor at target i 1.30E+01
(Cs/Cow* - AFpal)/(Cs/Caw™) -3.34E-04 Time to Reach
Ve Steady State
i PAL S
N PAL <1
M1 <1
PAL - Plume Attenuation Length [ft] 26 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.01 M3 <1
R - Distance to Nearast Receptor Location [f] 301 R <1
1) Receptor Attepuation
AFr - Attenuation Factor at Receptor 1.79E407
Cr - Concentration at Receptor [mg/1] 2.16E-11
Cgw* - Target Concentration [mg/l] 0.0000296
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mgft) 1750
R - Retardation Factor 2
Cs*® - Maximum Source Concentration [mg/] 529.40
Cs - Source Concentration {mg/] 0.00
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

R Input Min  Max
n - Porosity [ft*3/t*3] 0.25 0.1 0.6
K - Hydraulic Conductivity (ft/day] 17.2 0.01 100
i - Groundwater Gradient [ft/] 0.0069 0.0001 0.01
lamda - atterwation rate {1/day] 0 Min 0 0
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx"x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.13 0.1 03333
Mz - multiplier for vertical dispersivity {alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2}input Source Data:
Cs - Source Concentration fmg/] 5.00E-04
Y - source width perpendicular to groundwater flow {ft] 446
Z - sourcs depth below water table [ft] 7
L - farthest distance to be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 477
Cgw" - Target Concentration [mg/] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day} (.001 - .01) 0.0000 Min (from cell B8)
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 (from cell B9)
AFm - attenuation factor at location m #OIVIO!  #DIVO!  #DIVIO!
Xm - Normalized concentration at location m 0.00E+Q0 ##rtt#i# 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 #¥HH### 0.00E+00
(1-Xm*/Xm)*2 0.00E+00 #tit#### 0.00E+00
Sum of Squares (1-Xm*/Xm}*2 0.00E+00
- 1.006400 Normalized Concantration
INITIAL - initiakize Inputs 100601
1.00€-02
1.00E-03
CAL - Catibrate Lamda
[ J g“lmeu  Model
ameas "M
= PAL
[ CAL2 - Calibrate Mx J 1.00E06 .r
1.00E-07
1.00€-08
[ CAL3 - Cafibrats Lamda & Mx 1.00€-00
o %0 Gk FomBRunty X0 X

MODEL OUTPUT

Cs/Cgw" - attenuation facior at target concentration 1.69E+01

(Ca/Cgw"* - AFpal)/{Cs/Cgw) -1.86E-05
L ™ J

PAL - Plume Attenuation Length [ft] 447

PAU/L - Scaled Plume Attenuation Length 0.15

R - Distance to Nearest Receptor Location [ft] 477

1) Raceptor Attenuation

AFr - Attenuation Factor at Receptor 1.84E+01

Cr - Concentration at Receptor [mg/l] 2.72E-05

Cgw* - Target Concentration {mg/] 0.0000296

8) Input Contaminant Data

S - Solubility Limit of Contaminant (mg/l) 1750

R - Retardation Factor 2

Cs* - Maximum Source Concentration {mg/l} 0.00

Cs - Source Concentration {mg/) 0.00

; Attenuation Factor=Cs/C(x)

oM
= PAL
® R

0 0 PEBnomBBurcdy W0 X

Time to Reach
Steady State
on
PAL 5
M1 <
M2 <1
M3 <1
R 8

Shell Development Co. Run2t1
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MODEL PARAMETER INPUT

n - Porosity [f*3/f*3]

K - Hydraulic Conductivity [fi/day]
i - Groundwater Gradient [ft/ft]
{amda - attenuation rate [1/day]

Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x]
My - muitiplier for transverse dispersivity [alpha-y = My*alpha-
Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x}

2) input Source Data;
Cs - Source Concentration {mg/}

Y - source width perpendicuiar to groundwater fiow [ft]

Z - source depth below water table [ft]

L - farthest distance to be evaluated from source {fi)

Monitoring Point

Cm - concentration at monitoring locations [mg/}

M - Distance to Monitoring Locations {ft])

4) input Receptor Data:
R - Distance to Nearest Receptor Lacation [ft]
Cgw* - Target Concentration {mg/]

MODEL CALIBRATION

lamda - attenuation rate [1/day] (.001 - .01)

Mx - multiplier for longitudinal dispersivity falpha-x = Mx*x} (0.

AFm - attenuation factor at location m
Xm - Normalized concentration at location m

Xm* - modeled normalized concentration at lacation m

(1-Xm*/Xm)A2
Sum of Squares (1-Xm*Xm)y*2

Plume Attenuation Model: FATE2

Input Min  Max
0.25 0.1 06
17.2 0.01 100
0.0069 0.0001 0.01
0.0548 Min 0.0549 0.0549
0.1 0.05 0.2
0.33 0.1 0.3333
0.05 0.0125 0.1
2.72E-05
446
7
3000
0t
2.96E-05
0.0549 Min {from cell B8)
0.1000 {from cell B9)
#OIV/O!  #DIVIO!  #DIV/O!

O.00E+00 #HHRH# 0.00E+00
O.00E+D0 ###Ht## 0.00E+00
0.00E+00 W4 0.00E+00
0.00E+00

Nommalized Concentration

Attenuation Factor=Cs/C(x)

ObisthHee (iR soBG ("0 W0 3™

( J 1 J 1.
INITIAL - Initiakze Inpuls | 140E+00 1408426
\ J | 1.40E+24
1.poeat
1.40E+22
( j 1.00E-02 1.90E420
CAL - Calibrate Lamda boc.aa { 140Ew18
g boE-04 == Model ; 1.40€+16
— X . n I 1440414
O foe-05 = PaL 1.40E+12
CAL2 - Calibrate Mx 1.p0E06 ar 1.906+10
1.90€+08
190607 140608
19oE-08 t 1.40€+04
L CALS3 - Calibrate Lamda & Mx } 1 } 1‘ Joesa2
0 0 S0P sl s o GIR 2000 3500 { s
MODEL OUTPUT
CsiCw® - factor at target 9.19E-01
{Cs/Cgw"® - AFpail/{Cs/Cow) -2.28€-04 Time to Reach
Steady State
PAL 0
PAL <1
M1 <t
PAL - Plume Attenuation Length [fi] -1 M2 <1
PALA - Scaled Plume Attenuation Length 0.00 M3 <1
R - Distance to Nearest Recaptor Location [ft] 301 R <1
AFr - Attenuation Factor at Receptor 1.79E+07
Cr - Concentration at Receptor [mg/l] 1.52E-12
Cgw* - Target Concentration [mg/] 0.0000296
2] Input Contaminant Data
S - Solubitity Limit of Contaminant (mgh)} 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/) 529.40
Cs - Source Concentration [mg/} 0.00
Run212

Shell Development Co.
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
1)input Flow Model Parameters: Input Min  Max
n - Porosity [ft*3/ftA3] 0.25 01 0.6
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient [fift] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day) 0 Min 0 o]
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x} 0.1 Q.05 0.2}
My - muttiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 0.3333
Mz - multiplier for verticai dispersivity {alpha-z = Mz“alpha-x] 0.05 0.0125 0.1
2) input Source Data;
Cs - Source Concentratian [mgfl] 6.00E-03
Y - source width perpendicular to groundwater flow [ft} 122
2 - source depth below water table [ft] 6
L - farthest distance to be evaluated from source [ft} 3000
Moanitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Lacations [ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [fi] 53
Cgw" - Target Concentration [mg/!] 2.96E-05
MODEL CALIBRATION
£) Bun Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0000 Min {from cell B8)
Mx - muitiplier for longitudinal dispersivity [alpha-x = Mx*x] (O. 0.1000 {from cell BS)
AFm - attenuation factor at location m #0DIV/IQ!  #DIVIO!  #DIV/OY
Xm - Normalized concentration at location m O.00E+00 ###HHHt 0.00E+00
Xm* - modeted normalized concentration at location m 0.00E+00 ####H## 0.00E+00
(1-Xme/Xmy*2 0.00E+Q0 #HaH# 0.00E+00
Sum of Squares (1-Xm*Xm)*2 0.00E+00
d Ci
L w 1.00E+00
[ INITIAL - Initialize Inputs J, et
1.00E-02
CAL - Calibrate Larnda w' 1o0e0
| &rooeos
=
3 ooe0s
[ CALZ - Calibrate Mx j 1.00-06
1.00E-07
1.00€-08
[ CALS3 - Calibrate Lamda & Mx ] 1.00€-09
0 % FiRnckfomBBurcty X0 0

|

1 DOE+04 - Attenuation Facter=Cs/C(x)
1.00E+C3
——Model
@ 00E+02 oM
u PAL |
. R |
1.00E+01
1.00€+00
50 BRancEPomBUrch () XX X

MODEL QUTPUT
6) Run Piume Attenuation Length Macro "PAL"
Cs/Cgw* - stienuation factor at target concentration 2.03E+02
(CS/ICgw* - AFpal/(Cs/Cgw™) -1.01E-D4 Time to Reach
Steady State
PAL W om
J PAL 1
M1 <1
PAL - Plume Attenuation Length [ft] 954 M2 <1
PALU/L - Scaled Plume Attenuation Length 0.32 M3 <1
R - Distance to Nearest Receptor Location [ft] 53 Receptor is wiin PI|R <1
1) Receptor Attenuation
AFr - Attenuation Factor at Receptor 2.33E+00
Cr - Concentration at Receptor [mg/1] 2.57E-03 Exceeds Target
Cgw* - Target Concentration [mg/l] 0.0000296
&linput Contaminant Data
S - Solubility Limit of Contaminant (mg/1} 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/l] 0.00

Cs - Source Concentration [mg/1) 0.01 Source Reduction Rqrd

Shell Deveiopment Co. Run213



Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

i Attenuation Factor=Cs/C{x]

50 3fnctRomBBlredfly 00 X

1) loput Flow Mode] Parameters: Input Min  Max
n - Porosity [ft*3/ft*3] 0.25 0.1 06
K - Hydraulic Conductivity [f/day} 17.2 0.01 100
i - Groundwater Gradient [fuft] 0.0069 0.0001 0.0
lamda - attenuation rate [1/day] 0.0549 Min 0.0549 0.0549
Mx - muttiplier for longitudinal dispersivity Jalpha-x = Mx"x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 01 03333
Mz - multiplier for vertical dispersivity {alpha-z = Mz alpha-x] 0.05 0.0125 a.1
2) input Source Data:
Cs - Source Concentration [mg/1] 2.57E-03
Y - source width perpendicular to groundwater flow [fi] 122
Z - source depth below water {able [ft} 6
L - farthest distance to be evaluated from source [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monitoring Locations {ft]
4) Input Receptor Data:
R - Distance to Nearast Receptor Location [ft] 181
Cgw* - Target Concentration [mg/l} 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 -.01) 0.0549 Min {from cell BS)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mxx] (0.  0.1000 (from cefl B9)
AFm - attenuation factor at location m #DIVIO!  #Divia!  #DW/O!
Xm - Normalized concentration at location m 0.00E+00 ki 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+Q0 ##s##ss 0.00E+00
(1-Xm*/Xmy*2 0.00E+00 #iitita 0.00E+00
Sum of Squares (1-Xm*fXm)*2 0.00E+00
i Ci
B 1.00€ 400 1.00E+28
[ INITIAL - Indiaiize Inputs ] I 1006426
1.00E+24
1.006-02 1.006+22
1.00E+20
CAL - Calibrate Lamda 1 e 1.006+18
Q‘-mﬁ“ 1.00E+16
gmecs 4 00Es14
1.00E+12
CAL2 - Calibrate Mx 1.006-06 1.00E+10
1.00€-07 1.00£+08
1.006+08
1.00€-08 1.00E+04
CAL3 - Calibrate Lamda & Mx 1.006-09 10042
O R e RecE Ry 0 30 e
MODEL OUTPUT N
€) Run Plume Attenuation Length Macro "PAL"
Cs/Cgw* - ion faclor at target i 8.68E+01
{Cs/Cgw" - AFpail(Cs/Cgw) 2.17E-04 Time to Reach
Steady State
PAL om
PAL <1
M1 <1
PAL - Plume Attenuation Length {ft} 45 M2 <1
PALA - Scailed Piume Attenuation Length Q.01 M3 <1
R - Distance to Nearest Receptor Location {ft] 181 R <t
AFT - Aftenuation Factor at Receptor 2.B1E+05
Cr - Concentration at Receptor [mg/l] 9.15E-09
Cgw* - Target Concentration [mgfl) 0.0000296
8) Input Contaminant Data
S - Solubility Limit of Contaminant (mg/l} 1750
R - Retardation Factor 2
9) Yarget Source Concetration
Cs* - Maximum Source Cancentration [mg/j 8.31
Cs - Source Concentration {mg1] 0.00

Sheil Deveiopment Co.
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Model Parameters: Input Min  Max
n - Porosity [ft*\3aMA3] 0.25 01 06
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient {ft/t] 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0 Min 0 ¢}
Mx - muitipiier for longitudinal dispersivity [aipha-x = Mx*x} 01 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My*aipha- 0.33 0.1 03333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 Q.1
2} Input Source Data:
Cs - Source Concentration {mg/] 5.00E-04
Y - source width perpendicular to groundwater flow [ft} 122
Z - saurce depth below water tabie [ft] 6
L - farthest distance to be evaluated from source [ft]| 3000
3)input Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 53
Cgw* - Target Concentration [mg/l] 2.96E-05
MODEL CALIBRATION
5} Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0000 Min (from cell 88)
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] (0. 0.1000 {from ceil B9)
AFm - attenuation factor at location m #DIV/IO!  #DIVIO!  #DIV/O!
Xm - Normalized concentration at location m 0.00E+0C ###H### 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ####### 0.00E+00
(1-Xm*/Xmy*2 D.00E+00 ###### 0.00E+00
Sum of Squares (1-Xm*/Xm}*2 0.00E+Q0
[ t 1.00E+00 i < i 1 DOE+04 - Attenuation Factor=Cs/C{x)
‘L INITIAL - Inttialize inputs
1.006-01
1.00€E-02
1.00E+03
1.006-03
CAL - Callwate Lamda
[ J Q.oos«  odel E—rrare
Srooeas L Q00802 oM
( J n pAL | u PAL
CAL2 - Catibrate Mx 1.00€-08 i
"R s R
1.00€-07 1.00E+01
1.00€-D8
[ CAL3 - Calibrate Lamda & Mx ] 1.006-08 .
o 50 2000 3500 :
el o SBurcty O W R com e 2 =
MODEL OUTPUT -
§) Run Plume Attenuation Length Macro "PAL”
Cs/Cgw" - attenuation factor at target concentration 1.69E+01
{Cs/Cow" - AFpal/(Cs/Cw®) -3.57E-04 Time to Reach
Steady State
L PAL 3
M1 <1
PAL - Plume Attenuation Length [ft] 288 M2 <1
PALIL - Scaled Plume Attenwation Length 0.09 M3 <1
R - Distance to Nearest Receptor Location [fl] 53 Receptor is wiin Pi|R <1
1) Receptor Attenuation
AFr - Attenuation Factor at Recaptor 2.33E+00
Cr - Concentration at Receptor {mgfl] 2.14E-04 Exceeds Target
Cgw* - Target Concentration [mg] 0.0000296
) input Contaminant Data
S - Solubility Limit of Contaminant (mg/1) 1750
R - Retardation Factor 2
Cs" - Maximum Source Concentration [mg/} 0.00
Cs - Source Concentration [mgfl] 0.00 Source Reduction Rqrd
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT
1linput Flow Model Parameters: lnput Min  Max
n - Porosity {ft*3/tA3] 0.25 0.1 06
K - Hydraulic Conductivity [f/day} 17.2 0.01 100
i - Groundwater Gradient [ft/ft) 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0.0548 Min 0.0549 0.0549
Mx - multiplier for longitudinal dispersivity [alpha-x = Mx*x] 0.1 0.05 02
My - muttiplier for transverse dispersivity [alpha-y = My*alpha- 0.33 0.1 03333
Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2) Input Source Data:
Cs - Source Concentration {mg/l] 2.14E-04
Y - source witth perpendicular to groundwater flow [ft] 122
Z - source depth below water table {ft] 6
L - farthest distance to be evaluated from sourca [ft] 3000
Monitoring Point
Cm - concentration at monitoring locations [mg/l]
M - Distance to Monitoring Locations [ft]
4) Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 181
Cgw” - Target Concentration [mg/} 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
iamda - atterwation rate [1/day] (.001 - .01} 0.0543 Min (from cell 88)
Mx - muttipher for longitudinal dispersivity {alpha-x = Mx*x} (0. 0.1000 (from cell 89)
AFm - attenuation factor at location m ¥DIVIO!  #DIVIO!  #DIV/O!
Xm - Nommalized concentration at location m Q.00E+00 ###Ht# 0.00E+0Q
Xm* - modeled normalized concentration at location m Q.00E+00 ####4#H# 0.00E+00
(1-Xm*Xmy*2 0.00E+00 ###u### 0.00E+00
Sum of Squares {1-Xm*/Xm)*2 0.00E+00
N 1006400 fzed ¢ \ooevos ____ Atianustion FactorsCa/C(s)
INTTIAL - Initialize Inputs 1.006-01 | 1.006428
) 1.00E+24
1.006-02 | 1.006422
i 1.006+20
CAL - Calibrate Lamda 3 +008-03 ; 1.006+18
gﬂmﬁu ——Mocel || 1.006+16 [T
B ooe0s oM ( Qo0es14 - N |
1.00E+12 |
. " PAL m PAL |
CAL2 - Calibrate Mx 1.00E-08 e R 1.00€+10
1.006.07 1.00€+08 L !
1.006405 }
1.006-08 1.00E <04 )
CAL3 - Calibrate Lamda & Mx ] 1.00€-09 :ﬁ: :
[} 500 d lch 3000 3500 :
il Fon TBurEhy C % R R Wy T S

MODEL OUTPUT

CsiCgw" - sttenuation factor st target concentration 7.23E+00
{Cs/Cow” - AFpal/{(Cs/Cgw®) 1.34E-05
PAL - Piume Attenuation Length [ft] 19
PAUL - Scaled Plume Attenuation Length Q.01
R - Distance to Nearest Receptor Location [ff] 181
1) Receptor Attenuation

AFr - Attenuation Factor at Recaptor 2.81E+05
Cr - Concentration at Receptor [mg/l} 7.62€-10
Cgw" - Target Concentration [mg/} 0.0000296
81ipput Contaminant Data

S - Solubility Limit of Contaminant (mg#t) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/l] 8.31
Cs - Source Concentration {mg/} 0.00

Shail Development Ca.

Time to Reach
Steady State

(]
PAL <1
M1 <1
M2 <1
M3 <1
R <1
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

1) Input Flow Mode} Parameters: Input Min  Max
n - Porosity [ft"3/t*3] 0.25 a1 06
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient [fUft] 0.0069 0.0001 0.01
jamda - attenuation rate [1/day] 0 Min 0 0
Mx - muttiplier for longitudinal dispersivity {alpha-x = Mx*x] 0.1 0.05 0.2
My - multiplier for transverse dispersivity {alpha-y = My“alpha- 0.33 0.1 03333
Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2) Input Source Data:
Cs - Source Concentration fmg/] 2.14E-04
Y - source width perpendicular to groundwater flow [ft] 122
Z - source depth below water table [ft} 6
L - farthest distance to be evaluated from source {ft) 3000
3l Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations [mg/]
M - Distance to Monitoring Locations [ft]
4} Input Receptor Data:
R - Distance to Nearest Receptor Location [ft] 181
Cgw* - Target Concentration [mgf] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate {1/day] (.001 - .01) 0.0000 Min (from cell B8)
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx“x] (C. 0.1000 {from cell BY)
AFm - attenuation factor at location m #DIV/IO!  #DIV/IO!  #DIVIO!
Xm - Normalized concantration at location m 0.00E+Q0 #¥t# 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+00 ##Hrt#E 0.00E+00
(1-Xm7Xmy*2 0.00E+00 M 0.00E+00
Sum of Squares (1-Xm*/Xm)*2 0.00E+00
[ j 1008400 ized © oEws Attenuation FactorsCsClx)
iNITIAL - Initiakze Inputs
1.00€-M
1.00E-02
1.00E+03
[ CAL - Calibrate Lamda J 1.00803 :
§hovea — oo ="
Srooe0s L R ou |
u PAL n PAL ‘
CAL2 - Calbrate Mx 1.006-08 « R |
s R i
1.00€-07 1.00E+01
1.00E-08
( CALS3 - Calibrate Lamda & Mx ] 1.006-08 100400
° * OBBaciomBhurckly 20 0 0 0 o B 0O
MODEL OUTPUT -
6) Run Plume Attenuation Length Macro "PAL”
Cs/Cow" - jon factor at target i 7.23E+00
(CS/Cgw* - AFpai)/(CS/Caw*) 1.47E05 Time to Reach
Steady State
[ PAL w i)
J PAL 2
M1 <1
PAL - Plume Attenuation Length [ft] 152 M2 <1
PAL/L - Scaled Plume Attenuation Length 0.05 M3 <t
R - Distance to Nearest Receptor Location [ft] 181 R 2
7) Receptor Aftenuation
AFr - Attenuation Factor at Receptor 9.37E+00
Cr - Concentration at Receptor [mg/} 2.28E-05
Cgw* - Target Concentration [mg/] 0.0000296
8) Input Contaminant Rata
S - Solubility Limit of Contaminant (mgfl) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration {mg/i] 0.00
Cs - Source Concentration [mg/l] 0.00
121097
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Plume Attenuation Model: FATE2

MODEL PARAMETER INPUT

H Input Min  Max
n - Porosity [ff*3/1*3) 0.25 0.1 0.6
K - Hydraulic Conductivity [ft/day] 17.2 0.01 100
i - Groundwater Gradient {ft/ft) 0.0069 0.0001 0.01
lamda - attenuation rate [1/day] 0 Min 0 0
Mx - multiplier for longitudinal dispersivity {alpha-x = Mx*x] 0.1 0.05 02
My - multiplier for transverse dispersivity [alpha-y = My*aipha- 0.33 0.t 03333
Mz - muttiplier for vertical dispersivity [alpha-z = Mz*alpha-x] 0.05 0.0125 0.1
2) Input Source Data:
Cs - Source Concentration [mg/l] 6.00E-03
Y - source width perpendicular to groundwater flow [ft] 264
Z - source depth below water table [ft] 18
L - farthest distance to be evaiuated from source [ft] 3000
3} Input Monitoring Point Data:
Monitoring Point
Cm - concentration at monitoring locations {mg/}
M - Distance to Monitoring Locations [ft]
R - Distance to Nearest Receptor Location [ft] 50
Cgw* - Target Concentration [mg/] 2.96E-05
MODEL CALIBRATION
5) Run Calibration Macros
lamda - attenuation rate [1/day] (.001 - .01) 0.0000 Min {from celt 88)
Mx - muttiplier for longitudinal dispersivity [alpha-x = Mx*x} (0. 0.1000 {from cell B9)
AFm - attenuation factor at location m #DIV/IO!  #DIVIOt  #DIVIO!
Xm - Normalized concentration at location m 0.00E+00 ####t#t# 0.00E+00
Xm* - modeled normalized concentration at location m 0.00E+QQ #HHEHH# 0.00E+00
(1-XmXmp2 0.00E+QQ #HH#### 0.00E+00
Sum of Squares (1-Xm*Xm}*2 0.00E+00
—
[ ] 1.00E400 Normalized Concentration 1006403 | Attenuation Factor=Ce/C{x)
INITIAL - Initialize Inputs
1.00E-01
1.006-02
CAL - Cafibrate Lamda 10002 1,008 40z
O.00E-04 ——Model
z '™y
5 o0ecs oM <
m PAL
E CALZ2 - Calibrate Mx ] 1.00€-08 » R 1.006+01
1.006-07
1.006-08
L CAL3 - Calibrate Lamda & Mx j 1.00€-09 | 0E00
O R o Bl O° 3 > o S
MODEL OUTPUT -
6) Run Plume Attenuation Length Macro "PAL"
Cs/Cgw* - attenuation factor st target concentration 2.03E+02
(Cs/Cgw" - AFpall/{(Cs/Cgw”) 1.41E-05 Timae to Reach
Steady State
PAL om
PAL 28
M1 <1
PAL - Plume Attenuation Length [ft} 2433 M2 <1
PAL/L - Scaled Plume Attenuation Length a.81 M3 <1
R - Distance to Nearest Receptor Location [ft] 50 is wfin PI|R <1
AFr - Attenuation Factor at Receptor 1.08E+00
Cr - Concentration at Receptor {[mg/l] 5.57E-03 Exceeds Target
Cgw" - Target Concentration [mg/]) 0.0000296
8) Input Contaminant Data
S - Solubility Limit of Contaminant {mg/l) 1750
R - Retardation Factor 2
Cs* - Maximum Source Concentration [mg/] 0.00
Cs - Source Concentration [mgh} Q.01 Source Reduction Rqrd

Shell Development Ca.
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MODEL PARAMETER INPUT

n - Porosity [t*3M*3]

K - Hydraulic Conductivity {f/day}

i - Groundwater Gradient [i/ft]

lamda - attenuation rate [1/day]|

Mx - multiplier for longitudinal dispersivity [aipha-x = Mx*]

My - muRiplier for transverse dispersivity {alpha-y = My*alpha-

Mz - multiplier for vertical dispersivity [alpha-z = Mz*alpha-x)

2linput Source Data:

Cs - Source Concentration [mg/}

Y - source width perpendicular to groundwater flow [ft]
Z - source depth below water table [ft]

L - farthest distance to be svaluated from source [ft]

Monitoring Point
Cm - concentration at monitaring locations [mg/]
M - Distance to Monitoring Locations {ft]

4) input Receptor Data:
R - Distance to Nearest Receptor Location (ft)
Cgw* - Target Concentration [mgA)

MODEL CALIBRATION

5} Run Calibration Macros

lamda - attenuation rate [1/day] (.001 - .01)

Mx - multiplier for longitudinal dispersivity [alpha~x = Mx“x] (0.
AFm - attenuation factor at location m

Xm - Normaiized concentration at location m

Xm* - modeied normalized concentration at focation m
(1-Xm*Xmp2

Sum of Squares (1-Xm*/Xm)*2

Plume Attenuation Model: FATE2

0.25

17.2

0.0069
0 Min

0.1

0,33

0.05

150

2.96E-05

0.0000 Min
0.1000
#DIVIO!

(from ceil B8)
{from ceil B9}
#OIVIO!
Q.00E+O0 #####¥# 0.00E+0C
Q.00E+O0 #akss 0.00E+00
Q.00E+Q0 ###4¥¥% 0.00E+00
0.00E+00

#DIVO!

Attenustion F; X, i

i 1.00€+03
‘ INITIAL - Initisize inputs | v i
} 1.006-a2 '
[ CAL - Calibrats Lamda J men
00E-0¢  Nodel v
3 coen o < om
GALZ - Caibrate Mx 1.006-08 i = PaL
8 R 2R
1.00E-07
1.006-08
CAL3 - Calibrate Lamda & Mx J 1.006-00 ‘
« ¢ o PRy T =0 PR NP p—— |
MODEL OUTPUT
Cs/Cow” - sttenuation tactor at target concentration 1.8BE+02
{C3/Cgw* - AFpal/(C/Cow™) -1.40E-05 Time to Reach
Steady State
[ P
L PAL
M1 <1
PAL - Plume Attenuation Length [ft] 2344 M2 <t
PALA, - Scaled Plume Attenuation Length 0.78 M3 <t
R - Distance to Nearest Receptor Location [ft] 150 R in wiin PI|R 2
7) Beceptor Attsnuation
AFr - Attenuation Factor st Receptor 2.22E+00
Cr - Concentration at Receptor {mg/] 2.51E-03 Exceeds Target
Cgw* - Target Concentration [mgA) 0.0000296
8} Ingut Contaminant Data
S - Soiubility Limit of Contaminant (mgA} 1750
R - Retardation Factor 2
9) Target Source Concetration
Cs* - Maximum Source Concentration [mg/l] 0.00
Cs - Source Concentration [mg/) 0.01 Source Reduction Rqrd

rnom7
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RELEC

MEMORANDUM

TO: Port Quendall Distribution DATE: April 4, 1997

FROM: Stephen Codrington - RETEC RE:  Site Groundwater Model
Mike Riley - S.S. Papadopulos

1 Introduction

The Port Quendall Development project is a proposed development of several former
industrial properties located on the shore of Lake Washington at the end of the May
Creek drainage. The locations of the properties are shown in Figure 1-1 and include the
Baxter North and South Parcels, Quendall Terminals property, and Pan Abode property.

This memorandum discusses the groundwater modeling proposed as part of a feasibility
study for the project area and is intended as an interim status report on the modeling
effort for the Department of Ecology. The document is intended for discussion purposes

only.
1.1 Modeling Objectives

The three dimensional groundwater model being developed will be used to simulate
various remedial alternatives and their effects on groundwater flow and contaminant
transport. Remedial alternatives may include site capping, a containment wall, in situ
treatment systems, and groundwater extraction and treatment. '

Site data are available and of a sufficient quantity and quality to justify a three
dimensional model. The site geological model is based on extensive site investigations
by RETEC, Hart Crowser (1996), and Woodward-Clyde Consultants (1990). The site
geological interpretation has been extrapolated from site boundaries to model boundaries
using additional sources of information including Department of Transportation (DOT)
borings, local well logs, and published regional geological interpretations. Water level
data have been compiled and analyzed to characterize the seasonal variations and
provide coverage for the entire model area. The source areas to be used in the fate and
transport evaluation are outlined in the Uplands Constituents Memorandum (RETEC,

1997).
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Hart Crowser (1996) has completed a draft remedial investigation of the Quendall
Terminals property including a simple, two-dimensional flowpath model. The objective
of this work was to simulate the groundwater system, estimate the depth of vertical flow
components, and estimate the distance from the shore that the lake environment might
be affected by contaminated groundwater discharge.

A remedial investigation of the Baxter property was conducted by Woodward-Clyde
Consultants (1990). This study did not include a groundwater modeling effort although

some hydraulic testing was conducted.

A more complex modeling approach is now proposed as part of the Port Quendall
Development Feasibility Study. The more complex approach is warranted in order to
predict the effect of the remedial alternatives on groundwater flow patterns and
contaminant transport. Specific issues to be investigated include: the feasibility of
installing an in situ treatment system, depth and extent of a proposed containment wall,
a possible pump-and-treat system, and chemical fate and transport under pre- and post-

remediation conditions.

2 Geologic Setting

The geology at the project area consists of alluvial material deposited by May Creek,
Lake Washington sediments, and fill material deposited as part of previous site
development. The fill material is a complex mixture of sand, silt, gravel, and wood
debris from previous industrial activities in the project area. The fill material is largely
unsaturated and consequently is not significant for groundwater modeling

considerations.

Below the fill material is a complex, interbedded layer of silt, sand, and peat that is
probably a mixture of May Creek sediment deposits and Lake Washington sediment
deposits that predate construction of the Lake Washington Ship Canal, when the water
level in the lake was higher. This layer shows a high degree of heterogeneity both
vertically and horizontally due to changes in the May Creek channe] alignment over
time. This layer is saturated over most of its depth which cxtends from approximately

5 to 30 feet below ground surface (bgs).

The silt-peat layer grades into a deeper layer of dense sand and gravel that may be older
May Creek alluvium or part of a deeper regional aquifer in Vashon outwash deposits.
Over most of this aquifer, the water levels are similar to the water levels in the silt-peat
layer. However, recent borings by Shannon & Wilson found artesian conditions at a
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depth of greater than 100 feet bgs. Although no definitive confining unit was
encountered, there is obviously an impediment to vertical flow at this depth. Based on
these deep borings, it is inferred that these borings encountered the regional Vashon
outwash aquifer and that the dense sand and gravel layer is part of the May Creek
alluvial fan deposit. This is consistent with the bathymetry of the Lake Washington
adjacent to the project area, which indicates an alluvial fan extending across the lake to
Mercer Island. Based on the bathymetry, this alluvial fan extends to a depth of at least
80 feet below mean sea level (MSL). The alluvial fan is expected to become less thick

moving inland.

Typical sections through the project area are shown on Figures 2-1 and 2-2. The first
section extends approximately parallel to the lake shoreline and the second extends
approximately perpendicular to the first from the Pan Abode property in a northwesterly
direction into Lake Washington. Elevation contours of the bottom of the silt-peat layer
and the bottom of the sand layer are shown in Figures 2-3 and 2-4, respectively.

The present geologic interpretation is consistent with the geologic interpretation
presented in the Quendall Terminals remedial investigation report (Hart Crowser, 1996),
with only minor modifications based on more recent borings in the project area. The
interpretation differs from an interpretation presented in a remedial investigation report
for the Baxter property (Woodward-Clyde Consultants, 1990).. In that report, a
confining layer was identified between the silt-peat layer and the deeper sand and gravel
layer. More recent investigations by Hart Crowser and RETEC indicate that there is no
continuous confining layer in the project area, although localized clay lenses are present.

3 Water Levels

Woater levels at the site have been measured at a number of wells on the Baxter,
Quendall, and Pan Abode properties, which comprise most of the project area. Water
levels in the project area are quite stable with seasonal variations of less than 3 feet in
most shallow wells (completed in the silt-peat layer) and less than 2 feet in the deeper
sand and gravel layer. The fluctuation in the sand and gravel layer is approximately the
same as the fluctuation in the Lake Washington water level. This indicates that the
shallow layer is more influenced by seasonal changes in recharge and that the deep layer
is more influenced by the water level in Lake Washington.

For model calibration, average water levels will be used to represent steady-state flow and
long-term transport conditions. Average water level data are presented in Table 3-1 and
shown for the silt-peat layer and sand layer in Figures 3-1 and 3-2, respectively.
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4 Compounds of Concern

Chemical compounds detected in groundwater in the study area include BTEX
compounds, PAHs, and pentachlorophenol. The compounds were compared based on
maximum observed concentration, frequency of detection, exceedance of applicable
surface water criteria, and the cancer slope factor for carcinogens. The results of the

analysis are presented in Table 4-1.

This analysis is used to limit the number of compounds that will be simulated in a future
transport evaluations for the study area. Based on this analysis, it is proposed that
future transport evaluations will be limited to benzene, naphthalene, and chrysene.
Benzene represents the transport behavior of light, volatile constituents. In addition,
it is found at relatively high concentrations and is a carcinogen. Naphthalene represents
the transport behavior of the two and three ring PAHs. It is found in relatively high
concentrations and is more readily transported than three ring PAHs. Chrysene is
representative of the heavy PAHs consisting of four or more rings. It is found at
relatively high concentrations and is a carcinogen.

5 Model Setup

Application of a groundwater flow and transport model has been proposed as part of the
feasibility analysis of the Port Quendall Development project area. The model can be
used to estimate the mass loading rate of compounds to Lake Washington and to
evaluate remedial alternatives for the project area. The USGS groundwater flow model,
MODFLOW (McDonald and Harbaugh, 1988), and the SSP&A transport model,
MT3D_96 (SSPA, 1996), are proposed for this modeling effort. Both models are
appropriate models for this type of analysis and are recognized as industry standards for
groundwater flow and transport modeling. The following sections describe the proposed

setup for the groundwater model and preliminary estimates of model parameters.

5.1 Model Area

The area covered by the groundwater model will be the entire alluvial fan of May Creek
extending from the toe of the bluff east of Interstate 405 and south to the mouth of the
May Creek valley at approximately North 40th Street. The west boundary of the model
area will be the toe of the alluvial fan in Lake Washington allowing simulation of flow
from the sand and gravel layer to the lake and simulation of remedial alternatives that
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extend into the lake. The model area is shown on Figure 5-1 along with surface and
bathymetric contours for reference.
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Thickness of the silt-peat layer and sand layer for the model was computed from the
surface, bottom of silt-peat, and bottom of sand contours. The results are shown in
Figures 5-2 and 5-3 for the silt-peat and sand layers, respectively.

5.2 Model Grid and Layers

A variable spaced grid is proposed for the model with cell sizes ranging from 60 to 30
feet (Figure 5-4). The fine grid area covers most of the upland and nearshore portion of
the project area. The coarse grid area includes areas around the project area including
upland areas and off shore areas. The minimum grid size was selected to allow detailed
simulation of containment walls, treatment zones, and funnel-and-gate technologies
which may be analyzed as part of the feasibility analysis. If necessary, additional finer
mesh areas can be added with a limited effort if the simulation of particular technologies

require extremely fine grid cells.

Model layers are not yet defined, but will be based on site geology and remedial
alternatives to be analyzed. At a minimum, model layers will represent the shallow silt-
peat layer as well as the deep sand and gravel layer. It is likely that the sand and gravel
layer will be divided into more than one layer for consideration of containment walls of
different depths. The shallow layer may or may not be divided depending on the need
to simulate remedial alternatives considered for the shallow layer. The fill layer will not
be included in the model as this layer is unsaturated over most of the site and, in areas
where the bottom of fill is below the water table, it will be treated as part of the silt-peat

layer.
5.3 Boundary Conditions

The boundaries of the site are quite simple and heavily dominated by Lake Washington.
The water levels in Lake Washington are very stable with time and the lake is large
enough that the lake stage is not affected by groundwater flow at the project area.
Similarly, remedial alternatives that may include pumping groundwater will not affect
lake stage. Consequently, the lake will be treated as a constant head boundary.

For the upland boundary of the model, it is proposed to use different boundaries in the
different layers. The shallow silt-peat layer extends to the toe of the bluffs east of
Interstate 405 where the material is largely silt and clay. The silt and clay along the
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bluff is considered to contribute little groundwater flow to the site. Consequently, the
upland boundary in the shallow layer will be a no-flow boundary.

The deep sand and gravel layers extend up to the alluvial deposits in May Creek south
of North 40th Street and may be hydraulically connected to sandy aquifers under the
bluffs east of Interstate 405. These boundaries are not considered to be significantly
affected by pumping in the project area. Consequently, the model layers in the deep
sand and grave] layer will be treated as constant head boundaries (see Figure 5-4). This
is a conservative assumption as it means that the boundary will not inhibit flow in the

model.

In addition to the above model boundaries, the model will include May Creek and
surface recharge as additional sources of groundwater. Recharge will be based on an
estimate of surface runoff, precipitation, and evapotranspiration and is expected to be
about 20 inches per year. May Creek will be treated as a river boundary which will allow
inflow or outflow from May Creek to groundwater depending on the head difference
between May Creek and the water table.

5.4 Hydraulic Parameters

Hydraulic parameters include hydraulic conductivity and storage coefficient. Because
the groundwater flow model will be operated under steady-state conditions, only the
hydraulic conductivity is pertinent to this study. Hydraulic conductivity has been
measured through pump tests and slug tests on both the Quendall Terminal property
and the Baxter property. The results of these tests are presented in Table 5-1.

The results of the hydraulic testing on both the Quendall and Baxter properties are in
good agreement. The testing indicates similar ranges of hydraulic conductivity
depending on the material type. Sand and sandy gravel in either the deep or shallow
layers show hydraulic conductivities in the range of 6 to 57 ft/day. Silty sand has
hydraulic conductivities in the range from 0.2 to less than 10 ft/day. Hydraulic
conductivity for silt and clay ranges from 0.2 to 2.0. The overlap in the ranges for
hydraulic conductivity between sand, silty sand, and silt is largely due to a single,
possibly anomalous measurement. If the lowest hydraulic conductivity for sand and the
highest for silt sand were deleted, the range for sand would be from 15 to 57 ft/day and
the range for silty sand would be from 0.2 to 8.8 ft/day. Similarly, the range of hydraulic
conductivity for silt or clay is less than 1.0 if the highest measured value is deleted.

The range of hydraulic conductivity indicates that the material on the site is quite
heterogeneous. Based on the geologic interpretation, the heterogeneity may be due to
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remnants of May Creek channels or differential deposition during periods of high lake
levels. Also based on the geologic model for the study area, it is expected that
heterogeneity will be greater in the vertical direction than in the horizontal direction.

In the model, it is proposed to incorporate the hydraulic conductivity data by averaging
the data over each layer instead of attempting to discern zones or regions of varying
hydraulic conductivity within a layer. For the horizontal conductivity, it is proposed to
take the arithmetic average of the data (Table 5-1). This represents flow in a layered
system with horizontal flow predominantly through coarser-grained layers. The
hydraulic conductivity in the vertical direction will be taken as a fraction of the
horizontal hydraulic conductivity. To represent the low hydraulic conductivity of silt
and peat layers, it is expected that the ratio between the horizontal and vertical
hydraulic conductivity will be on the order of 100. For the sand layer, the vertical
layering is less prominent and the ratio is expected to be on the order of 10.

In addition to the hydraulic parameters for the flow model, the effective porosity is also
needed for transport modeling. The effective porosity for the silt-peat layer has been
estimated at between 0.28 and 0.32 at the Baxter property and at 0.30 at the Quendall
Terminals property. The effective porosity of the sand has been estimated at between
0.20 and 0.25 at both properties. For all practical purposes, the values estimated for
effective porosity at each property are the same and little effect is expected in model
results over the ranges estimated for each property.

5.5 Chemical Parameters

Chemical parameters consist of chemical-specific reaction rates and sorption coefficients
for the transport modeling. Chemical parameters will be estimated from the literature.
In addition, the literature values will be augmented with site-specific data derived from
treatability testing currently in progress. Chemical parameters have a high level of
uncertainty and efforts will be made to identify a realistic range of values based on site-

specific data and literature values. The model will be implemented with different values
of the transport parameters to assess the sensitivity of the model results to changes in

transport par ameters.
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Table 4-1 Compounds of Concern in ground water samples

Reference Dose Cancer Slope Factor
Max. Conc Solubility Limit Retardation #ot Mg/Kg/Day Mg/Ko/Day
Detections { Analyses | Detection % {ug/L) mg/L Factor Rings Oral Ref. | Inhalation | Ref. Oral Ref. { Inhalation | Ref. | Carcinogen
P hlorophenol 3 130 2% 630 5mg/L@0'C / 14mg/L@20'C 7 1 3.00E-02 | R 1.20E-01 { R - R - R No
|Benzene 37 113 33% 14000 1780 mg/L@20'C 1 1 - R 170E-03 | R | 280E-02| A {290E-02| A Yes
Toluena 54 108 50% 3400 470mg/L@16°C / 515 mp/LE@20'C 2 1 2.008-01 | AR | 1.14E-01 | - - R - R No
Ethylbenzane 38 113 34% 3800 140 mg/L@15'C / 152mg/L@20'C 6 1 1.00E-01 A 2.86E-01 | A - R - R No
o-Xylene 10 26 38% 510 175 mg/L@20'C NA 1 2.00E+00§ R 2.00E-01 | R - R - R No
m-,p-Xylene 12 28 46% 1000 \ 198mg/L@25'C(p-xylene) NA 1 NA NA NA NA NA NA NA NA No
xylene (total) 44 108 42% 7800 NA 2.00E+00 | AR | 2.00E+00 | A - R - R No
Naphthal 72 121 60% 43000 31-34mg/L in distilled water@25'C 7 2 4.00E-03 | A 4.00E-03 | A - R - R No
Acenaphthene 59 121 49% 1900 NA 23 3 6.00E-02 R 6.00E-02 R - R - R -
Acenaphthylene 25 121 21% 2300 3.93 mg/L in distilled@25'C 13 3 4.00E-03 - 4.00E-03 | - - - - - No
Anthracene 35 121 29% 1200 075 mg/L@15'C 69 3 3.00E-01 A 3.00E-01 | R - R - R No
Fluorene 56 121 46% 2200 1.9 mg/L@25'C 36 3 4.00E-02| A 4.00E-02 | A - R - R No
[Phenanthrene 50 124 41% 8200 1.6mg/lL@15'C 69 3 4.00E-03 - 4,00E-03 | - - - - - No
Benzo(a)anthracene 3 121 26% 1100 0.044mg/L@?24'C (practical grade) 6,704 4 - R - R | 7.30E-01] R |6.10E-01| R Yes
Chrysene 29 121 24% 1700 0.0015@15'C / 0.008mg/L@25'C 972 4 - A - A 1.15 A 1.15 A Yes
Fluoranthene 46 121 38% 2800 0.120mg/L@24'C (99%purity) 186 4 400E-02 | A | 4.00E-02 | A - R - R No
Pyrene 41 121 34% 2400 0.032mg/L. (practical grade) 186 4 3.00E-02 | R 3.00E-02 | R - R - R No
Benzo(a)pyrene 33 121 27% 1700 NA 28,715 5 - R - R 7.3 R 6.1 R Yes
Benzo(b)fluoranthene 14 47 30% 50 NA 2,672 5 - R - R [ 7.30E-01| R [6.10E-01| R Yes
Benzo(k)fluoranthene 12 58 20% 46 NA 2,872 5 - R - R | 7.30E-02( R |86.10E-02] R Yos
Dibenz(a,h)anthracene 14 121 12% 420 NA 16,030 5 - R - R 7.3 R 6.1 R Yos
Benzo(g,h,i)perylene 15 121 12% 1000 NA 7772 8 4.00E-03 | - | 4.00E-03 | - - - - - No
Indeno(1,2,3-cd)pyrene 14 76 18% 830 NA 7,772 8 - - - - | 7.30E-01| - [6.10E-01] - Yes
Dibenzofuran 37 99 7% 1500 NA 55 4.008-03| R - R - R - R No
NoTES: - T

References

The detections and analysis statistics are compiled from the Retec database for Quendall Properties
Retardation factors are tabulated in Table XX, shown in appendix XX.

R - US EPA Region IIl Risk Based Concentration Table, EPA Region 3, March 7, 1995
A - Emergency Standard Guide for Risk Based Corrective Action Applied at Petroleum Release Sites, ASTM, ES 38-94
Solubility Limit taken from "Handbook of Environmental Data on Organic Chemicals, 2nd Edition, Karel Verschueren, Van Nostrand Reinhold, New York, 1983

Created by SBC

Cocii

4/4/971:56 PM




Table 5-1. Summery of Hydraulic Conductivity Estimates based on pumping test and slug tests
Hydraulic Depth below
Test Conductivity Type of Ground Surface
Location (ft'day) Test of Screen Interval Type of Soil In Screened Interval Geologic Unit as Assigned by Retec Reference
BAX-1A 21 slug test 51020 silty sand Fill and Silty Peat Zone 2
BAX-5 0.6 slug test 81to 18 silty sand and sand Fill and Silty Peat Zone 2
BAX-8A 15.0 slug test 10 to 20 sand Silty Peat Zone 2
BAX-9 31.2 pumping test 5t0 15 silty sand with silty and clay layer Fili and Silty Peat Zone 1
BAX-10 1.5 slug test 10to0 20 sand and silty sand Silty Peat Zone 2
BH-10 34 pumping test 51020, silty sand with layer of clayey silt Fill and Silty Peat Zone 1
BH-15 4.8 pumping test 5t020 silty sand Fill and Silty Peat Zone 1
BH-18A 0.6 slug test 4t014 silt Filt and Silty Peat Zone 1
BH-2A 1.1 pumping test ?to 20 silty sand with peat interbeds Silty Peat Zone 1
BH-6 8.8 pumping test 8to 18 silty sand and silty clay with peat Silty Peat Zone 1
BH-8 0.4 pumping test 1310 23 silty clay with layer of silty sand Silty Peat Zone 1
BH-19 15.6 pumping test 5t015 sand with layer of silt Silty Peat Zone 1
BH-25A 6.8 pumping test 9to0 19 sand and silty sand with layer of silt Silty Peat Zone 1
BH-12 22 slug test 1310 23 sandy/clayey silt and very silty sand Silty Peat Zone 1
BH-17A 0.2 slug test 6to 16 sand to very silty sand with layer of silt Silty Peat Zone 1
BH-19 17.0 slug test 5t0 15 sand with layer of siit Silty Peat Zone 1
BH-20A 17.0 slug test 7 t0 22 interbedded layer of silts Silty Peat Zone 1
BH-23 0.2 slug test 71022 silt with small layer of sand Silty Peat Zone 1
WP-1 23.0 slug test 2t0 3@ sand Silty Peat Zone 1
WP-4 0.5 slug test 21039 silt Silty Peat Zone 1
WP-5 20.1 slug test 20 3% sand Silty Peat Zone 1
BH18B 56.7 siug test 42 to 52 sandy gravel Sand Zone 1
BH-21B 5.7 slug test 42 t0 52 gravelly f-m sand Sand Zone 1
NOTES:

1. Draft Remedial Investigation, Quendall Terminal Uplands, Table 3-2, Hart Crowser Report, October 1, 1996.
2. Remedial Investigation Report_J.H. Baxter, Renton Washington Slte , Vol |, Woodward Clyde, October 1996.

3. Feet below mudline at offshore temporary well points.




Table 3-1 Average measured water level data.

Well Coordinates Model Water Level
ID East-West North-South Layer (ft MSL)
16 1662544 198027 Silt-peat 17.05
17 1662463 198084 Silt-peat 24.1
18 1662377 198121 Silt-peat 19.35
19 1662520 198141 Silt-peat 18.95
20 1662625 198089 Silt-peat 14.75
21 1662696 198039 Silt-peat 15
22 1662945 197975 Silt-peat 14.9
25 1662870 198024 Silt-peat 18.75
26 1662772 198079 Silt-peat 16
27 1662689 198134 Silt-peat 16
28 1662606 198185 Silt-peat 19.2
29 1662941 198087 Silt-peat 13.85
31 1663023 198037 Silt-peat 15.65
32 1662747 198269 Silt-peat 14.45
B-1 1662691 196518 Silt-peat 223
B-3 1662949 196509 Silt-peat 22.4
BAX-1 1662958 197926 Silt-peat 16.88
BAX-10 1663122 198530 Silt-peat 17.55
BAX-11 1662854 197932 Silt-peat 16.88
BAX-1A 1662967 197944 Silt-peat 16.91
BAX-5 1662502 198159 Silt-peat 14.77
BAX-6 1663129 198833 Silt-peat 14.13
BAX-7A 1663462 197963 Siit-peat 246
BAX-8A 1662527 198031 Silt-peat 15.7
BAX-9 1662585 197762 Silt-peat 17.16
BH-12 1661825 197122 Silt-peat 18.33
BH-17A 1662512 196838 Silt-peat 20.13
BH-18A 1662281 197707 Silt-peat 16.24
BH-19 1662102 197650 Silt-peat 15.07
BH-20A 1662029 197396 Silt-peat 154
BH-21A 1661758 197052 Silt-peat 14.62
BH-22 1662937 197562 Silt-peat 19.96
BH-23 1662367 197566 Silt-peat 18.23
BH-24 1662381 197850 Silt-peat 16.34
BH-25A 1662307 197149 Silt-peat 18.61
BH-26A 1662026 196848 Silt-peat 17.96
BH-27 1662698 197423 Silt-peat 18.88
BH-28 1661940 197219 Silt-peat 16.82
BH-5 1662129 197508 Silt-peat 17.17
BH-5A 1662110 197486 Silt-peat 17.17
GB-1 1663000 196205 Silt-peat 29.2
HCB-1 1662697 196522 Silt-peat 25
NBMW-1 1663078 197893 Silt-peat 21.6
NBMW-2 1663488 198618 Silt-peat 29.93
PAMW-1 1662620 196466 Silt-peat 28.34
PAMW-2 1663009 196605 Silt-peat 3032
BH-17B 1662511 196838 Sand 18.14
BH-18B 1662281 197707 Sand 16.89
BH-20B 1662028 197395 Sand 16.66
BH-21B 1661757 197052 Sand 16.26
BH-25B 1662306 197149 Sand 17.45
BH-26B 1662025 196847 Sand 16.94




To:

From:

Date:

Subj:

1‘-7@*\,4—7/(/(—” 10 C&i(
Brian Sato

Ching-Pi Wang
April 22, 1997

Baxter/Quendal/JAG
Comments on Site Groundwater Model Memorandum dated April 4, 1997,

Page 2. "Modeling Objectives”

State the opinions and conclusions of Retec and S. S. Papadopulos & Associates on
quality of results of the two-dimensional flow path model. Identify the results and
interpretations from the two-dimensional model that will be utilized in three-
dimensional model. For example, what is the depth of vertical flow components?
What is the distance from the shore that the lake environment mxght be affected by
contaminated groundwater discharge?

Page 3. "Water Levels”
This section is a bit misleading. Clarify the section by including the following:

o Lake Washington water level is artificially controlled twice a year. State the
magnitude of change and effect on ground water.

o Ground-water levels in the shallow layer are affected by seasonal recharge and
biannual changes in lake levels. Retec and S. S. Papadopulous & Associates
cannot separate out the component of shallow water level fluctuations due to
seasonal recharge and changes lake level.

o Provide readers with an understanding of the hydraulic interconnection
between the shallow and deep layers. Or, refer readers to documents where
this is discussed in detail.

Page 3 and 4. "Water Levels”

a. Calibrate water levels to average and actual measured levels. For example,

calibrate model to measured levels shown on Figures 3-1 and 3-2. Identify
any differences in calibration results.

b. Clarify how long-term transport will be used to calibrate model. For example,
provide figure that shows model simulation of historical and present day
contaminant distribution at ground-water monitoring wells. A model to be
used to predict future contaminant concentrations should be able to re-create
historical and present day contaminant concentrations.
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Page 4. "Compounds of Concern”
Three compounds are proposed for transport simulation based on their transport

characteristics and carcinogenic nature. Please identify and simulate the transport of
the top three compounds that are important to human and environmental risk analyses.

Page 5. "Model Grid and Layers”

Give examples of particular technologies that may require extremely fine grid cells.

Page 6. "Hydraulic Parameters”

Will the funnel and gate and pumping alternatives operate long enough to establish
steady-state conditions? Indicate likelihood that these alternatives will operate as
transitory measures. -

Page 7. "Hydraulic Parameters”

Use past pump test data to estimate vertical hydraulic conductivity. Use measured
estimate in addition to assumed ratios.

Page 7. "Chemical Parameters”
As proposed on page 3, the model will be calibrated to long-term transport

conditions. Use calibration results to zero in on a realistic range of values.

Figure 2-1 and 2-2. Show piezometric surfaces for minimum and maximum water

‘levels. Show dates of water level elevation measurements. Or, refer reader to

document where this information is shown.

Figures 3-1 and 3-2. Show dates of water level measurements. Provide statements
on any changes to flow direction patterns based on seasonal and biannual lake level
changes. Or, refer reader to where this is discussed. :



To:
From:
Date:

Subj:

10.

11.

12.

13.

Brian Sato
Ching-Pi Wang
January 17, 1997

Baxter/Quendal/JAG Subsurface Modeling Expectations

Utilize model sophistication comnmensurate for level of confidence in input data.
Provide clear illustrations of conceptual flow and transport models.
Provide range of model estimates for uncertainties in model input parameters.

Show boundary conditions and distribution of simulated hydrogeologic and transport
properties.

Show simulation grid(s) superimposed on conceptual models.

Don’t feel relunctant to state uncertainties and unknowns.

Provide clear illustrations of simulation results.

Provide time and concentration predictions of contaminant transport in ground water,

Provide time and concentration predictions of contaminant transport to Lake
Washington via ground water.

Provide estimates of total contaminant flow into Lake Washington for 1, 2, 3, 4, 5,
10, 15, 20, 25, and 30 year periods.

Provide time and concentration predictions of contaminant transport in ground water
for each increment of subsurface remediation effort. For example, if an impermeable
cover is installed then estimate the amount of contaminant transport reduced by this
measure.

Provide time and concentration predictions of contaminant transport to Lake
Washington for each increment of subsurface remediation effort. For example, if a
hanging slurry wall is installed near the lake shore, then estimate the amount of
contaminant transport reduced by this measure.

Provide estimates of total contaminant transport and flow into Lake Washington for 1,
2, 3, 4,5, 10, 15, 20, 25, and 30 year periods for each combination of subsurface

remediation effort.



Brian Sato
January 17, 1997

Page 2

14.

15.

16.

17.

18.

19.

20.

Identify locations of downgradient lakeside monitoring wells in the model simulation.
Estimate contaminant concentrations at those locations for 1, 2, 3, 4, 5, 10, 15, 20,
15, and 30 year periods. Install monitoring wells in the simulated locations. Sample
the monitoring wells for the same modeling periods. Compare simulated results to
actual water quality results for the simulated time periods. Adjust simulations and
predictions, if necessary, for each incremental period if initial simulated results do not
match actual future concentrations.

Provide hypothesis(es) of preferential flow path distribution. Simulate the
hypothesis(es). Provide estimates of contaminant transport and loading into Lake

Washington.

Provide hypothesis(es) of DNAPL distribution. Simulate the hypothesis(es). Provide
estimates of contaminant transport and loading into Lake Washington.

Provide hypothesis(es) of DNAPL migration. Simulate the hypothesis(es). Provide
estimates of contaminant transport and loading into Lake Washington.

Identify locations of monitoring wells near the edge of known DNAPL occurrences.
Install monitoring wells in the simulated locations. Estimate contaminant
concentrations at those locations. Compare simulated results to actual future
concentrations. Adjust model simulations and predictions if necessary.

If DNAPL areas are excavated, then compare field observations of DNAPL
distribution to model hypothesis(es) of DNAPL distribution. Adjust model predictions

if necessary.

Please do not hesitate to contact me for consultation or clarification. My contact
numbers are: voice: (206) 649-7134; fax: (206) 649-7098; email:
cwan461@ecy.wa.gov



RELEC

MEMORANDUM

TO: Brian Sato, P.E. DATE: May 2, 1997
Ching-Pi Wang, P.E.

FROM: Stephen Codrington - RETEC ~ RE:  Port Quendall Project - Follow up
Mike Riley - Papadopulos to 4/22/97 Ecology meeting

This memorandum provides follow up to our April 22 meeting regarding the
groundwater modeling memorandum (April 4, 1997). -

1 Purpose

The groundwater model memorandum discussed the objectives of the groundwater
modeling effort. However, these objectives should be viewed within the context of the
project as a whole. The groundwater modeling serves two purposes within the project
scope: evaluation of remedial alternatives and contaminant transport analysis. The level
of detail in the model and the modeling effort is limited to the level of analysis sufficient

to achieve these purposes.

Analysis of Alternatives: At the time that the groundwater memorandum was
prepared, the final list of remedial alternatives was not finalized. Since that time, a list
of six remedial alternatives have been scoped (Memorandum from John Ryan to Brian
Sato, dated April 21, 1997). Additional alternatives will be developed as we get more
input from the stakeholders. The groundwater model will be used to evaluate the

relative benefits of each alternative with respect to groundwater containment at the site
(Table 1). Each alternative consists of one or more remedial technologies. The

groundwater model will be applied to each alternative and will simulate the effect of all
the technologies that make up an alternative. For instance, if an alternative includes
both a containment wall and an upland cap, the model will be modified to simulate the
combined effect of a cap and wall on groundwater containment. Alternatives will be
compared using particle tracking analysis to predict exposure points, velocities, and
travel times from selected areas of the site to Lake Washington.

Contaminant Transport Analysis: Action levels for groundwater cleanup
alternatives can be determined at selected well locations and depths based on the
groundwater model and a transport analysis. Predictions of flow characteristics are a
normal output from the modeling effort and will form the basis of the transport analysis.
There are several approaches that can be applied in a transport analysis including
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numerical modeling, analytical modeling, or travel-time-based analysis. The approaches
differ with respect to the level of effort and the detail in output. Our approach is to
select a transport analysis that is sufficient for determining containment of groundwater
and action levels that indicate when additional remedial technologies have to be
implemented in order to protect water quality in Lake Washington. The most cost-
effective method of achieving this end is the travel-time-based analysis.

A more detailed discussion of the advantages and disadvantages of the different
approaches is provided below in Section 5.

2 Calibration -

Issues related to calibration of the model were limited to selection of an appropriate
calibration data set and comparison to hydraulic properties used in previous modeling
efforts in the project area (Hart Crowser, Draft Remedial Investigation Report for

Quendall Terminals, October 1, 1996).

Water levels: At the request of Ecology, a two-step calibration will be done using
water level data collected during August 1995 and January 1996 (Figures 1 and 2). The
wells illustrated in figures 1 and 2 are all shallow wells with the exception of BH-17B,
BH-18B, BH-20B, BH-21B and BH-5. The data sets were selected to represent high and
low water levels at the site corresponding to the summer dry season and the winter rainy
season in the Seattle area. Model calibration will consist of changing recharge and
boundary conditions to achieve a subjective "best fit" between predicted and measured
water levels without changing hydraulic properties of the aquifer between calibration
steps. Application of the model for the analysis of alternatives will be done using average
recharge and boundary conditions from the two steps in the model calibration, since the

average annual conditions are representative of long-term groundwater flow and
contaminant transport at the project area.

Hydraulic conductivity: Ecology requested that a comparison be made between the
current modeling and previous modeling at the site (Hart Crowser, Draft Remedial
Investigation Report for Quendall Terminals, October 1, 1996). Since previous
modeling consisted only of a simplified, two-dimensional model, a direct comparison to
the current three-dimensional modeling effort is not appropriate. However, a
comparison of the hydraulic properties used in each model can be made. At this time,
it is expected that the horizontal hydraulic conductivity of the silty-peat layer used in
the current model will be greater than that used in the previous modeling. The higher
value is consistent with the geometric mean of hydraulic conductivity data computed by
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Hart-Crowser. However, a lower value was used in their model. The previous modeling
also used two values for the horizontal hydraulic conductivity for the sand layer. It is
expected that the current model will use a single value for the sand layer that is expected
to be similar to the geometric mean of the two values used previously.

At the request of Ecology, the use of ratios between horizontal and vertical hydraulic
conductivities was revisited. There are no data supporting the vertical hydraulic
conductivity value used in the previous modeling effort. The selected values indicate
that a simple 10:1 ratio was used between horizontal and vertical hydraulic conductivity.
Previous work by Woodward-Clyde (Remedial Investigation Report, Baxter Property,
December 1990) shows estimated vertical hydraulic conductivities for fine-grained layers
in the range of 0.05 and 0.005 ft/day. The simple ratio of 100:1 proposed in our
modeling effort results in a vertical hydraulic conductivity in the silty-peat layer that

falls within this range.

3 Compounds of Concern

Ecology requested more detail on the process for selecting compounds of concern. The
compounds were divided into groups based on properties and chemical structure. This
results in a set of light, volatile hydrocarbons (BTEX group); light semi-volatile
polycyclic aromatic hydrocarbons of two or three rings (LPAHs), and heavy semi-volatile
polycyclic aromatic hydrocarbons of four or more rings (HPAHs). The objective was to
select the compound that was most easily transported, had the highest concentration,
and the greatest threat to human health and the environment. Transport potential was
determined by comparing literature values for retardation rates with low retardation
rates indicating more readily transported compounds. The highest concentration
observed for a compound in ground water at the site was used in the comparison. The
comparison of the threat to human health and the environment was made by comparing
reference dose for non-carcinogens and cancer slope factors for carcinogens. Between
carcinogens and non-carcinogens in a group, the preference was to consider carcinogens

as a greater threat.

Among the BTEX compounds, benzene is found at the highest concentration, is the most
readily transported, and the only carcinogen in the group. Consequently, benzene was
selected as a compound of concern.

Among the LPAHs, naphthalene is found at the highest concentration and is the most
readily transported. Naphthalene does not have the highest reference dose, but the
concentration is so much greater than the other LPAHs, that it was selected as the
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primary compound of concern for this group. Since none of the LPAHs are carcinogens,
this was not a factor in the selection.

The HPAHs show a wide range of variability in retardation rate, health factors, and
concentration. Of the carcinogens, benzo(a)pyrene is considered the most significant.
However, chrysene is found at higher concentrations and has a considerably lower
retardation factor. Consequently, it is more readily transported although it has a slightly
lower carcinogenic potential. Based on this, chrysene was selected over benzo(a)pyrene
although either could have been selected. At this time, it is proposed to include both in

the transport analysis.

The final compound of interest in the project area is pentachlorophenol. It is found only
in one small area within the project boundaries and at concentrations below the MTCA
Method B formula values for non-carcinogens in surface water. Consequently, it was not
proposed for the transport analysis. However, this may change depending on the
approach selected for the transport analysis.

The data used for the selection of compounds of concern was presented in Table 5-1 of
the groundwater memorandum and provided here as Table 2.

4 Analysis of Alternatives

The groundwater flow model will be used to analyze the various alternatives under
consideration for the site (see Table 1). All alternatives involve some level of source area
removal, although the extent of this action varies among the alternatives. Four

alternatives include some form of containment wall and five alternatives include capping
of some areas with soils above MTCA Method B concentrations. Comparisons among

the alternatives will be made using particle path analysis to show how an alternative
affects flow paths and travel times between areas with elevated concentrations in ground
water and Lake Washington. In addition, particle tracking will be used to illustrate the
capture zone and effectiveness of backup pump-and-treat systems. Particle tracking
analysis is a well accepted and effective method for computing travel times and

estimating capture zones.

The following is a brief discussion of each alternative and how the alternatives will be
simulated in the model.

Alternative A: This alternative consists of only source area removal including all soils
above MTCA Method B concentration. From a groundwater modeling standpoint, this
is the no action alternative as extant ground water at the site will not be contained or
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removed and no physical barriers or caps will be used to impede or reduce groundwater
flow. All other groundwater alternatives will be compared to this alternative to illustrate
the relative effectiveness of the various controls included in the other alternatives.

Alternative B: This alternative includes more limited soil removal than Alternative A.
Soils above a concentration that is protective of ground water will be removed and those
areas with soil above MTCA Method B will be capped. There is no practical difference
between alternative A and B in the context of groundwater flow.

Alternative C: Alternative C consists of soil removal in areas containing DNAPL and
capping of soils that exceed MTCA Method B concentrations. In addition, a slurry wall
will be installed along the shoreline to prevent DNAPL seeps to the lake. The slurry wall
will be analyzed by computing the harmonic mean hydraulic conductivity in the model
along the proposed alignment of the slurry wall. The harmonic mean will be computed
from the thickness and design hydraulic conductivity for the slurry wall and the
calibrated hydraulic conductivity in the area of the slurry wall. Different wall depths will
be simulated to determine the benefit of a deeper wall along the shoreline. Particle
tracking and travel-time analysis will be used to illustrate changes in groundwater flow

to Lake Washington.

Alternative D: This alternative only differs from Alternative C by including a
contingent groundwater pump and treat system. The contingent groundwater pumping
system would be used in the event groundwater exceeds action levels at a conditional
point of compliance. The model will be used to design pump rates and capture zones
for areas that are not protective of groundwater quality. Particle tracking will be used
to illustrate the capture zone at the preferred pumping rate. Groundwater treatment by
biosparging can be included in this model to show pathways and travel times through
the biosparging zones. Locations for these zones will be taken from proposed wall
designs. The actual effect of these zones will only be addressed in the transport
modeling by changing the degradation rate in and beyond the biosparging zone.

Alternative E: This alternative is essentially the same as Alternative C except that the
slurry wall has a slightly different alignment by extending slightly offshore. This change
in alignment is not expected to change the model results. A test case for one wall depth
will be run and compared to Alternative C results. If the travel times are essentially the
same as those from Alternative C, then no other additional groundwater modeling will
be required and results from Alternative C for different wall depths will be used.
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Alternative F: This alternative is essentially the same as Alternative E and
consequently no additional groundwater modeling is required for this alternative.

5 Transport Analysis

As discussed in Section 1 above, there are several approaches to the transport analysis
that could be applied for this project. The approaches vary primarily by the level of
effort and the detail in the output. Basically, the approaches fall into three general
categories: numerical models, analytical models, and travel-time analysis. Each of these

are discussed below.

-

Numerical models: These provide the most detail on distribution, transport, and
chemical fate of compounds included in the model analysis. Numerical models also
require the greatest level of effort. Consequently, there is a trade-off between what the
model provides and the level of effort required. Numerical models are appropriate where
there is a need for prediction of long-term trends and variation in plumes over large
areas. They are particularly necessary where heterogeneities are too great to be
adequately incorporated in more simplified analytical models.

Output from numerical models consists of predication of concentration over space and
time. This information shows:

» Estimates of plume orientation over time and potential for downgradient users
to be affected

» Estimates of time for cleanup for different remedial alternatives where cleanup
as opposed to containment is the objective of the remediation

» An estimate of the concentration at extraction wells for design of treatment
systems

While other methods can be used to make some of these estimates, numerical modeling
provides the most rigorous approach as it incorporates the greatest amount of site detail

in the analysis.

Analytical models: Analytical models are appropriate for analysis of homogeneous
sites with simple groundwater flow patterns. Since analytical models are limited to
uniform flow fields and homogeneous conditions, they are not appropriate for the
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present case where both vertical and horizontal flow are potentially important
contaminant transport pathways and hydraulic properties vary vertically.

Travel-time analysis: This is basically a spread-sheet analysis using particle path
analysis from the groundwater flow model to assess the time of travel from one point to
another. Retardation rates are used to predict the difference in travel time for different
compounds. Degradation rates are used to predict the degradation of the compound
over time between the points of interest. Since the analysis is done on a spread-sheet
and not in a detailed numerical model, there is little additional effort required to include
more compounds in the analysis. Consequently, the compounds of concern could be
expanded to include all the compounds in Table 2 with little additional effort.

The travel-time approach is a simplified transport analysis using the output from the
groundwater flow model. Consequently, it makes maximum use of site data, while
provided a cost-effective means of estimating the change of concentration over localized
areas. This approach is appropriate for determination of action levels at selected points
such as existing monitoring wells based on the travel time and degradation between the

well and a point of exposure.

The procedure for applying this method requires several steps that begin with application
of the groundwater flow model: ,

1) Run groundwater flow model to generate flow field for a remedial alternative.
2) Run particle tracking from selected points of interest to determine points of exposure

and hydraulic travel time.
3) Prepare data for retardation factors and degradation rates for compounds of concern.

4) Import predicted travel time results into the spreadsheet.
5) Use the spreadsheet to predict compound-specific travel times from the retardation

factor.
6) Use the compound-specific travel time to predict the concentration at the point of

exposure for the degradation rate of that compound.
There are several advantages of this approach for the prediction of action levels:

+ Site-specific flow dynamics from the ground-flow model can be used

» Compound-specific retardation and degradation rates can be incorporated.
These may be generated from laboratory testing, data analysis, or literature

values, as appropriate
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» A relatively large number of compounds can be investigated rather than just
a few selected compounds of concern

» Retardation factors and degradation rates are easily modified to test sensitivity
of estimates

Based on these advantages, the cost-effectiveness of the approach, and the focus of the
analysis on determining action levels, the travel-time approach is both adequate and
appropriate as a transport analysis for the Port Quendall Development project.



Table 1 Conceptual Remedial Alternatives

Soil Sediments Groundwater | Containment | Cap Institutional Mitigation
Wall Controls

excavation/treatment | removal/treatment of natural none none groundwater wetland
of soil greater than more than 50% wood attenuation monitoring replacement
Method B waste, PAH>100ppm
excavation/treatment | same as A same as A none soils greater | monitoring same as A
of soil greater than than Method | and legal
Groundwater B regulatory
Protection Standard devices
excavation/treatment | same as A biosparging upland same as B same as B same as A
of DNAPL soil hanging wall
excavation/treatment | same as A Biosparging same as C same as B same as B same as A
of nearshore DNAPL and

groundwater

treatment
hazardous waste same as A D + DNAPL nearshore same as B same as B A+
removal Recovery hanging wall nearshore
no removal/waste removal of more than same as E same as E B+ B + sediment | same as E

stabilization

50% wood waste

b
sediments

monitoring




Table 2 Compounds of Concern in ground water samples

Reference Dose Cancer Slope Factor
Max. Conc Solubility Limit Retardation #of Mg/Kg/Day Mg/Kg/Day
Detections | Analyses | Detection % (ug/L) mg/L Factor Rings Oral Ref. | Inhaiation { Ref.| Oral Ref. | Inhalation | Ref. | Carcinogen
Pentachlorophenol 3 130 2% 630 Smg/L@0'C / 14mg/L@20'C 7 1 3.00E-02 R 1.20E-01 R - R - R No
Benzene 37 113 33% 14000 1780 mg/L@20'C 1 1 - R 1.70E-03 | R | 2.90E-02| A | 2.90E-02| A Yes
Toluene 54 108 50% 3400 470mg/L@18'C / 515 mg/.@20'C 2 1 2.00E-01 [ AR | 1.14E-01 - - R - R No
Ethylbenzene 38 113 34% 3800 140 mg/L@15'C / 152mg/L.@20'C 6 1 1.00E-01 A 2.86E-01 | A - R - R No
o-Xylene 10 26 38% 510 175 mgiL@20'C NA 1 2.00E+00| R 2.00E-01 | R - R - R No
m-,p-Xylene 12 26 46% 1000 198mg/L @25'C(p-xylene) NA 1 NA NA NA NA NA NA NA NA Ne
xylene (total) 44 108 42% 7800 NA 2.00E+00 | AR | 2.00E+00 | A - R - R No
Naphthal 72 121 60% 43000 31-34mg/L in distilled water@25'C 7 2 4.00E-03 A 4.00E-03 | A - R - R No
Acenaphthene 59 121 49% 1900 NA 23 3 6.00E-02 R 6.00E-02 | R - R - R -
Acenaphthylenc 25 121 21% 2300 3.93 mg/L in distilled@25'C 13 3 4.00E-03 . 4.00E-03 - - - - - No
Anthracene 35 121 29% 1200 075 mg/iL@15'C €9 3 3.00E-01 A 3.00E-01 R - R - R No
Fluorene 56 121 46% 2200 1.9 mg/L@256'C 36 3 4.00E-02 A 4.00E-02 | A - R - R No
Phenanthrene 50 121 41% 6200 1.6mg/lL@15'C 69 3 4.00E-03 - 4.00E-03 - - - - - No
Benzo(a)anthracene 31 121 26% 1100 0.044mg/L@24'C (practical grade) 6,704 4 - R - R [ 7.30E-01} R | 6.10E-01| R Yes
Chrysene 29 121 24% 1700 0.0015@15'C / 0.008mg/L@25'C 972 4 - A - A 1.15 A 1.15 A Yes
Fluoranthene 46 121 38% 2800 0.120mg/L@24'C (99%purity) 186 4 4.00E-02 A 4.00E-02 | A - R - R No
Pyrene 41 121 34% 2400 0.032mg/L (practical grade) 186 4 3.00E-02 R 3.00E-02 R - R - R No
Benzo(a)pyrene 33 121 27% 1700 NA 26,715 5 - R - R 7.3 R 6.1 R Yes
Benzo(b)fluoranthenc 14 47 30% 50 NA 2,672 5 - R - R [ 7.30E-01{ R {6.10E-01| R Yes
Benzo(k)fluoranthene 12 59 20% 46 NA 2,672 5 - R - R 1730E-02| R |6.10E-02{ R Yes
Dibenz(a,h)anthracene 14 121 12% 420 NA 16,030 5 - R - R 7.3 R 6.1 R Yes
Benzo(g,h,i)perylene 15 121 12% 1000 NA 7,772 6 4.00E-03 | - | 4.00E-03 | - E B - - No
indeno(1,2,3-cd)pyrene 14 76 18% 830 NA 7,772 6 - - - - | 7.30E-01 - | 6.10E-01] - Yes
[Dibenzofu.ran 37 99 37% 1500 NA 55 4.00E-03 R - R - R - R No
NOTES:

The detections and analysis statistics are compiled from the Retec database for Quendall Properties
Retardation factors are tabutated in Table XX, shown in appendix XX.

References

R - US EPA Region Ill Risk Based Concentration Table, EPA Region 3, March 7, 1985

A - Emergency Standard Guide for Risk Based Corrective Action Applied at Petroleum Release Sites, ASTM, ES 38-94

Solubility Limit taken from "Handbook of Environmental Data on Organic Chemicals, 2nd Edition, Karel Verschueren, Van Nostrand Reinhold, New York, 1983

tab2

5/2/97
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Appendix A10

Model Calibration Documentation
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Calibration Water Level Data Sets

Well Coordinates Model Water Level {ft MSL)
ID East-West | North-South| Layer [ Average | Aug-95 Jan-96
B-1 1662691 196518 | Silt-peat | 22.30
B-3 1662949 196509 Silt-peat | 22.40
BAX-1 1662958 197926 Silt-peat | 16.88
BAX-10| 1663122 198530 Silt-peat | 17.55
BAX-11 1662854 197932 Silt-peat 16.88
BAX-1A| 1662967 197944 Silt-peat | 16.91
BAX-5 1662502 198159 Silt-peat | 14.77
BAX-6 1663129 198833 Silt-peat { 14.13
BAX-7A| 1663462 197963 Silt-peat | 24.60
BAX-8A| 1662527 198031 Silt-peat | 15.70
BAX-9 1662585 197762 Silt-peat 17.16 16.66 17.64
BH-12 1661825 197122 Silt-peat 18.33
BH-17A| 1662512 196838 Silt-peat | 20.13 19:60 20.98
BH-18A} 1662281 197707 Silt-peat | 16.24 15.20 17.37
BH-19 1662102 197650 Silt-peat 15.07 14.94 15.13
BH-20A] 1662029 197396 Silt-peat | 15.40 15.51 15.08
BH-21A| 1661758 197052 Silt-peat 14.62 14.99 14.58
BH-22 1662937 197562 Silt-peat | 19.96
BH-23 1662367 197566 Silt-peat | 18.23 16.51 18.72
BH-24 1662381 197850 Silt-peat 16.34 15.61 16.69
BH-25A| 1662307 197149 Silt-peat 18.61 17.82 18.93
BH-26A] 1662026 196848 Silt-peat 17.96 16.96 18.57
BH-27 1662698 197423 Silt-peat | 18.88 17.94
BH-28 1661940 197219 Silt-peat 16.82 16.00 16.87
BH-5 1662129 197508 Silt-peat 17.17 15.58 16.55
BH-5A 1662110 197486 Silt-peat | 17.17 15.97
GB-1 1663000 196205 Silt-peat { 29.20
BH-17B| 1662511 196838 Sand 18.14 18.08 17.94
BH-18B| 1662281 197707 Sand 16.89 16.99 16.56
BH-20B| 1662028 197395 Sand 16.66 16.79 16.30
BH-21B| 1661757 197052 Sand 16.26 16.40 15.88
BH-25B| 1662306 197149 Sand 17.45
BH-26B| 1662025 196847 Sand 16.94

12/17/97



Table 2-4 Calibration Statistics

REIEC|

] Root Mean
Calibration Number of |Mean Residual Square Correlation
Data Set Layer Observations (ft) Residual (ft) Coefficient
August-95 Silt-peat 14 1.01 1.11
Sand 4 -0.28 0.17
All 18 0.78 0.98 0.846
Janurary-96 Silt-peat 12 -0.23 0.76
Sand 4 -0.11 0.27
All 16 -0.20 0.67 0.932
Average Silt-peat 27 -0.14 2.23
Sand 6 -0.03 0.17
All 33 -0.11 T 2.02 0.829

ch2tabs

713197




Water Levels in Silt-peat Layer
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Water Levels in Siit-peat Layer
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